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PREFACE 


This historical monograph containe a detailed account of 


the developuent, production, and deployment of the NIKE 


AJAX Guided Missile System, f r a u the inception of the 


pro3ect early in 1945 through June 1959. It was prepared 


for the Office, Chief of Ordnance, in ccmplicrnce wlth 


letter to the Crnmnnalng General, 
R o d s e t 81 Guided 


Missile Agency, sub3ect "Bistorical Mcpsopaph on Guided 


Missiles, " dated 8 May 1958. 


Classified paragraphs are mmked w l t h "(c ) " or "(s ) " as 


appropriate; a l l uamarked paragraphs are cmeidered 


unclassif led. 
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(u) I. mTRoUUm1m 


Origin of the .NIKE Project 


Early in 1944-over a year before the war in Europe ended-intelli- 


gence reports reaching this country indicated that the Germans were in 


process of developing extremely large rocket projectiles with a range of 


more than lOO.miles, whi'ch would soon be in coxribat use. These reports 


also revealed that large, guided, rocket-type missiles had already been 


used by the Germans with some success. Recognizing the high potential 


military value of such a projectile, American officials decided that a 


development program for a long-range rocket missile should be initiated 


here. 


Accordingly, in February 1944, the Army Ground Forces sent the Army 


Service Forces an inquiry concerning the development of a direction- 


controlled, major caliber, antiaircraft rocket torpedo. At that time, 


the development of a specific missile was considered undesirable because 


of the basic research problems yet unsolved. Therefore, the Ordnance 


Department decided that, for the time being, the antiaircraft study 


should be incorporated into the general guided missile studies already 


underway. 


Based on the results of studies conducted during the next three 


months, the Ordnance Technical Committee concluded that a long-term pro- 


gram was required for the development of guided missiles, starting with 


a series of experimental projects from which essential theoretical data 


and practical experience could be obtained. So, in May 1942, the Com- 


mittee recommended that the Ordnance Department enter into development 


contracts and procure pilot models of a long-range rocket missile, to- 


gether with suitable 'launching equipment. The action recommended was 


approved the following month and a basic research project was initiated. 1 


Meanwhile, toward the end of World War 11, it was becoming obvious 


that new types of high-speed, high-altitude bomber aircraft, capable of 


precision bombing while maneuvering, could not be effectively engaged 


by conventional antiaircraft artillery. Because of the short projectile 


range and maneuvering of the target during flight of the projectile, con- 


ventional artillery guns were somewhat ineffective even against slow-speed 


aircraft. Since there was little hope that these and other obstacles 


could be overcome by further development, the need for a new weapon or a 


new approach was indicated. The most profitable approach to the problem 


appeared to be the development of a new weapon-a jet propelled surface- 


to-air guided missile. 2 


Although some thought had been given to the antiaircraft problem as 


a part of the general guided missile program, most of the research effort 


had been devoted to long-range surface-to-surface weapons, such as the 


CORPORAL. Late in 1944, however, the advent of German jet propelled 


pursuit 
in combat created an immediate need for a tactical anti- 


aircraft weapon that could be used effectively against theme3 This was 


followed by a chain of positive actions that led to the development of 


1. OCM Item 23905, "LONG-RANGE ROCKrm AND MUNCHING EQUIPMENT - Initiation 
of Development ProJect, ~ecammended," 25 Mey 44; and OCM Item 24023, 
"LONG-RANGE ROCKGT AND LAUNCHING EQUIPMENT - Initiation of Development 
ProJect, Approved," 1 Jun 44 (ARGMA Tech Library). 
2. "An Introduction to Guided Missiles," The Antiaircraft Artillery & 


Guided Missile School, Ft Bliss, Tex., Special Text 44-150, Apr 53, 
p. 3 (ARGMA Tech Library). 
3. "Weapons for the Defeat of Aircraft," OCO, Oct 53, 3: 3 (ARGMA Tech 


~ibrary) . 


a specific antiaircraft weapon system. 


Approval for the development of antiaircraft guided missiles was 


given by the Anqy Semice Forces in an official c&ication 
to the 


Chief of Ordnance dated 26 January 1945.~ krter in the same month, the 


Office, Chief of Ordnance sent a letter to the Bell Telephone Laboratories 


(BTL) authorizing contract negotiations for a formal study to determine 


the technical characteristics of an antiaircraft guided mi~sile.~ 
At the 


same time, the Army Air Corps was trying to engage these same facilities 


to study a similar problem for winged missiles. Since BTL was not pre- 


pared to undertake both studies, it was decided that the contract would 


be awarded on a camprehensive study basis without limitation as to whether 


the missile would be winged or wingless. Accordingly, the original con- 


tract was jointly sp6nsored by the Army Air Corps and Ordnance Department, 


and the study results were shared equally. 6 


Thus, Project NIKE came into being on 8 February 1945, when a con- 


tract was issued to the Western Electric Company (WECO) for BTL to perform 


a complete paper study of antiaircraft guided missile problems.7 
Speci- 


fically, BTL was asked to explore the feasibility of constructing an 


antiaircraft defense system that would be capable of engaging high-speed, 


maneuverable bombers far beyond the range of ordinary antiaircraft 


. defenses. The target was designated as a 600-mph bomber of the B-29 type, 


4. 
Ltr, OCO to ASF, file 0.0. 471.6/1392, 18 Jan 45; and 1st Ind thereto, 
ASF to OCO, 26 Jan 45 (cited in OCM 29012, 13 Sep 45). 
5. 
Ltr, OCO to BTL, file 0.0. 400.~/18428, subj : "Proposed Study of 
Antiaircraft Problems by Bell Telephone Laboratories," 31 Jan 45. 


6. "Ordnance Guided Missile & Rocket Programs - NIKE," RSA, 30 Jun 55, 


11 : 4 (ARGMA Tech Library). 
. 7. Ltr Order ~-30-069-0~~-3182, 
8 Feb 45, NYOD. 


flying at altitudes from twenty to sixty thousand feet and capable of a 


8 
38 maneuver at forty thousand feet. The range of 'attack was to extend 


to sixty thousand feet ground range. 9 


Feasibility Study - System Philosophy 


An early analysis of the antiaircraft guided missile problem con- 


firmed the fact that a ground-controlled guided missile would be required, 


because of the specification for long range and the requirement of coun- 


tering maneuver. Following this decision, active work on the project 


was undertaken by BTL and its staff of several thousand scientists and 


engineers. During the initial study period, which was virtually complete 


by the middle of May 1945, BTL was assisted by many scientific groups 


skilled in the techniques required to make a successful antiaircraft 


guided missile system. 


The study phase culminated in an oral presentation to about seventy 


officers and civilians of the Amy on 14 May 1945, followed by a formal 
1 


report entitled "AAGM ~e~ort"lO 
on 15 July 1945. The latter report 


formed the basis for examination and experimental verification of the 


many problems with which designers were faced. It showed good likeli- 


hood that an effective surface-to-air guided missile could be evolved by 


extending radar and electronic computer techniques developed during the 


war, and by exploring the little known realms of supersonic flight. 


The design of the weapon system proposed in the AAGM Report was 


8. 
"g" is defined as the gravitational acceleration of terrestrial bodies 
toward the center of the earth, which is about 32.16 feet per sec per 
sec. 


9. "Project NIKE System Test Report," BTL and DAC, 1 Sep 53, 1:3 (ARGMA 


Tech ~ibrary 
) . 
10. A study of an Antiaircraft Guided Missile System. 


dictated by two primary considerations, First, to expedite development 


of the new weapon, it was felt that the system design should be based on 


known devices, methods, and techniques in the various engineering fields. 


In effect, this meant that system developnt should not be delayed 


pending completion of research projects which were still in a stage of 


uncertain success, To illustrate, this philosophy dictated the use of 


a liquid fuel rocket motor, rather than other theoretically superior but 


undeveloped propulsion systems; while on the other' hand, radar require- 


ments for the command system required several-fold improvement in accuracy 


over the performance of any existing radar. The second axiom accepted 


into the system design philosophy was that the major complexity of the 


system should be located on the ground, leaving the vehicle itself as 


simple and reliable as possible. In line with the latter consideration, 


it was fcnmd possible to concentrate on the ground not only the guidance 


f'unction, but the f'uzing f'unction as well, since the accuracy of the 


system was sufficient to pin point the burst with great accuracy relative 


to the targetou 


After surveying the state of the art12 and investigating feasible 


means of propulsion and guidance, BTL scientists reduced their findings 


into a specific recommendation: 


"A supersonic rocket missile should be vertically launched 
under the thrust of a solid-fuel booster which was then to 
be dropped; thence, self-propelled by a liquid-fuel motor, 
the missile should be guided to a predicted intercept point 
in space and detonated by remote control commands; these 


11. Test Report, op. cit., 1:4. 
12. Tech info re contemporary German AAGM projects, such as Wasserfall, 
- 
- 


Enzian, ~heintokhter or ~chmetterling, was notTyet aval. 


commands should be transmitted by radio eignals determined 
by a ground-based computer associated with radar which 
would track both the target and the missile in flight.13 


At the outset, it was recognized that the construction of a tacti- 


cal weapons system from the basic concept described in the AAGM Report 


would require extensive development effort. Many complex technical 


problems would have to be solved; innumerable test vehicles would have 


to be designed, built, and tested; numerous components would have to be 


combined and integrated into an automatically operative system; and 


finally, the composite system would have to be flight tested to prove 


component performance under field conditions. But before these objec- 


tives could be realized, an effective R&D program geared to meet 


Ordnance requirements had to be organized, and basic policies and pro- 


cedures had to be established to aesure top level control and 


coordination of the overall program. It is the program planning and 


development effort to which this study now turns. 


13. "Project PJIKE, History of Development," BTL and DAC, 1 Apr 54, 1:2; 


verified by "AAGM Report" (A Study of an Antiaircraft Guided Missile 
System) BTL, 15 Jul 45 (ARGMA Tech Library). 


(u) 11. DEVEIOPMEmT OF TEE PROGRAM 


On 16 June 1945, following the. verbal presentation of feasibility 


study results in May, the Ordnance Deparaent-with agreement of the 


Air Corps-assumed full sponsorship of RoJect NIKE and charged the 


W&Co and BTL, as princip$ 
subcontractor, w i t h f'ull responsibility for 


its execution. By Septeniber 1945, sufficient progress had been made in 


the preliminary study phase to warrant the initiation of a pro3ect for 


the development of an antiaircraft guided missile for ground to air 


firing. 


Initiation of Development Roject 


The initial development plan, as approved by the Ordnance Technical 


Committee on 13. September 1945, was based on tentative military charac- 


teristics recanmended by the Antiaircraft Artillery ~0ard.l These 


characteristics described a self-propelled guided missile, complete with 


a suitable fire control system and launching equipment, for use against 


high-speed aerial targets. Since the state of development at that time 


did not permit establishment of detailed characteristics, the Antiair- 


craft Artillery Board indicated that the tentative requirements should 


be considered as "desirable but not restrictive." 
Accordingly, the 


tentative characteristics were accepted as a guide in the initial develop- 


ment pro3ect and were sub3ect to revision as the design developed. 2 


Based on the foregoing action, the WECo contract (w-30-069-ORD-3182) 


1. See Appendix 1 for complete list of tentative mil characteristics. 
2. 
OCM 29012, "Antiaircraft Guided Missile for Ground to Air Firing - 
Initiation of a Development RoJect, Recanrmended," 13 Sep 45; 
approved by OCM 29277, 4 Oct 45 (ARGMA Tech Library). 


was supplemented on 21 September 1945 to increase the scope of work. 


Including a fixed fee of 54, this contract supplement amounted to 


$4,895,450. It covered the research, design, development and engineering 


1 
/' 


work required to produce a suitable guided missile, together with the 


necessary accessories and related launching equipment, to attack high- 


speed (up to 600 mph), high altitude (60,000 feet) air~r~ft.3 


Organization of the R&D Program 


The NIKE R&D Program, as organized by BTL, was based on the inte- 


gration of skills of various industrial organizations. The Dauglas 


Aircraft Company (DAC), which had already been active in the guided 


missile field during the war under sponsorship,gf the National Defense 


Research Council, accepted the major subcontract for the required aero- 


dynamic studies, for the engineering and fabrication of the missiles with 


the associated booster and launcher devices, and for conducting the 


proving ground firing tests. In turn, DAC called upon the Aerojet 


Engineering corporation4 for the liquid-fuel rocket motor and solid- 


fuel booster rockets. The Jet Propulsion Iaboratory (JPL) of the 


California Institute of Technology consented to act as consultant on 


propulsion system matters for both DAC and Aerojet. The assistance of 


numerous other companies and agencies was enlisted to develop specialized 


instruments needed in the process of testing the components and the 


ballistic performance of the system. 


In addition to the overall management of the project, BTL reserved, 


as its ow. technical domain, the design and construction of the radars 


3. Walter R. Bylund, History of NIKE ProJect, 24 Apr 54, NYOD. 
4. Now known as Aero j et-General Corporation. 


and computer, and the development of the guidance and missile control 


system, as well as the missile borne responder and comnand receiver 


system. BTL further undertook the determination of the best warhead 


configuration in close cooperation vith the Ballietics Research Iabora- 


tory (BRL) at Aberdeen Proving Ground. With the fill approval of the 


Chief of Ordnance, BTL alclo retained the initiative in end responsibility 


for all 


unified 


liaison 


major technical decieions. Emphasizing the desirability of such 


system coordination, the Chief of Ordnance established resident 


offices at the contractorst locationr .5 


krsuant to existing policy relating to the development of guided 


missile systema, Army Ordnance retained the reaponeibility for develop- 


ment of those items falling in fields femiliar to Ordnance and other 


technical services. However, requirements for the various components 


were determined by the prlme contractor in the exercise of his overall 


responsibility for the system. 


Accordingly, the reeponsibility for development of the high 


explosive fragmentation warhead was assigned to Picatinny Arsenal, with 


fiankford Arsenal and the Diamond Ordnance ~re.Iaboratory 
recelvlng 


assignments on eafety and srming mechanim8. Some of this vork was 


contracted by Plcatinny and Frankford Ar8enal.r. 


Rvts of the M5 JATO~ 
were developed by the -,.rUietifs 


Iaboratory under contract to the Bureau of Ordnance of the Navy. Among 


these were the metal case, nozzle, grain, igniter, and internal parts. 


Other parts, including the fins, thrust structure, launching lugs, nozzle 


5. Project NIKE, History of Developnt, 
cit., 1:3. 


6. Occasionally referred to as the NIXE I Booster. 


shroud, and fin mounting fittings, were developed by the BTL-DAC team. 


The Corps of Engineers performed or contracted for the design of 


equipment for underground launchers and fixed sites, including elevators 


and associated mechanisms. The corps of Engineers designed the engine 


generators and frequency converters, performed the product improvement 


effort on compressors, and developed air conditioning units and blast 


deflectors. 


The Signal Corps was the responsible agency for development of the 


missile batteries and battery chargers, and also provided system com- 


munications equipmen*. 


Redstone Arsenal was responsible for the design of missile ship- 


ping and storage containers. This work was contracted separately. 7 


Program Control and Policy Guidance 


From the date of inception of the NIKE ProJect to August 1951, the 


program was directed, coordinated, and supervised by the Rocket Branch 


of the Office, Chief of Ordnance. On or about 16 August 1951, the 


responsibility for conduct of the NIKE program was transferred from 


the Rocket Branch, OCO, to Redstone Arsenal, the latter then becoming 


the sole source of instruction to the contractor. In general, the 


responsibilities transferred to Redstone Arsenal covered the monitoring, 


coordinating, and conducting of the technical aspects of the project. 


The Rocket Branch, OCO, retained responsibility for general direction 


and for rendering decisions in such matters as (1) policy, scope, and 


obJectives of the proJect, and (2) original approach and major changes 


7. Ord Guided Missile & Rocket Programs - NIKE, op. cit., 11:49 f. 


in the design, perfomce, and operation of the missiles8 In February 


1953, Redstone Arsenal assumed the additional responsibility of main- 


taining close technical liaison with other Government field installations 


engaged in development projects related to the IVIIOl 


Basic program guidance was published in the form of Ordnance 


Technical Committee Meeting Items. 10 


The R&D phase of the program was guided by carefully planned programs 


and schedules, which were reviewed once or twice a year in joint planning 


conferences. Ordnance representatives exercised continuous supervision 


over project developments to assure that a realistic outlook toward 


eventual tactical requirements was maintained, that cooperation of exist- 


ing Government research and test facilities was secured, and that such 


facilities were used to the maximum practical extent. 


Early in the program, a basic philosophy of procedure was adopted to 


insure the timely accomplishment of the goal of proving the command type 


of antiaircraft guided missile weapon as a practical system. The R&D 


phase was designed to lead in due course to a convincing field system 


test of a complete physical array of equipment. Although it was to be 


fully operative and reasonably approximate the desired performance 


characteristics of the ultimate tactical version, it did not necessarily 


have to possess a l l the practical features which would be demanded of 


8. Ltr, OCO to CO RSA, file ORDTU 0.0. 682/159, subj "Transfer of 
Research and Development Responsibility to Redstone Arsenal," dated 
26 Jul 51 (see Appendix 2). 


9. Ltr, OCO to CG RSA, file ORDTU 0.0. 471.9/303, sub j "Assignment of 
Responsibility for Technical Supervision of Developments Related to 
the NIIE Project," dated 19 Feb 53 (see Appendix 3). 
10. For compl list of OCM1 s relating to NIKE Pro j , see Appendix 4. 


combat-serviceable tactical articles. Consequently, it was agreed that 


it would not matter if the test system hardware were so intricate or 


experimental as to require maintenance by specialists and operation by 


engineers and technicians rather than soldiers. Prototype or model con- 


struction techniques could be used; quantity production aspects could be 


ignored. However, as noted in the preceding chapter of this study, it 


was decided that the system design should be based on proven devices, 


methods, and techniques, rather than unproven or radically new ones, in 


order to expedite the project. Furthermore, it was decided to measure 


everything that was necessary in order to monitor the desired perform- 


ance, even if it meant the acquisition of special instruments or the 


design and construction of new ones. 


The benefits derived from these policies and procedures were mani- 


fold. In numerous instances, instrumentation and photographic records 


revealed unsuspected phenomena or disclosed reasons for missile 


misbehavior which could not have been otherwise foreseen. Of particular 


significance was the field of supersonic missile flight. Here much new 


information had to be gleaned from numerous test firings which were 


arranged to yield data covering not only those areas which would 


corroborate wind-tunnel tests, but also those which would bridge previous 


gaps of knowledge of lift, drag, and control characteristics. Many 


other lessons concerning missile stability, launching, boosting, tracking, 


and guidance detonation had to be learned in the course of actual 


experiments in flight. ll 


11. Project NIKE, History of Development, op. cit., 1:4. 


(u) 111. TRE DEVELOPMENT PROGRAM LEADING TO SYSTEM TESTS 


The R&D phase of the project actually extended over a period of 


some seven years, in the course of which a completely operative experi- 


mental weapon known as the NIKE R&D System was created. It comprised 


most of the essential components of a realistic tactical system, the 


first practical embodiment of which eventually overtook it when a 


tactical design, designated as NIKll I, was put into customer's test 


and even troop training operation while the R&D phase was still in its 


final stage. 


This chapter describes the evolution of the NIKE System-how it 


progressed from a drawing board conception, through a series of develop- 


mental stages, to reach its climax as a complete experimental system for 


demonstration and test purposes beginning in late 1951. An effort is 


made to relate the NIKE development story in historical sequence as it 


unfolded itself; however, to minimize interruption and resumption of the 


tale of developmental progress of various components, the presentation 


must necessarily depart from a true chronological narrative. Yet, the 


various development phases of the program are divided roughly into 


calendar years for easy reference. The completion of one program phase 


and the beginning of the next did not always coincide with the new year 


4 


or recur at twelve-month intervals; and the design, shop, laboratory, 


and field work of the various development phases had to overlap. 


Plan of Development 


The first outline of a hopeful minimum schedule, drafted as early 


as 2'7 July 1945, envisioned the execution of MIKE development by four 


agencies as listed in Figure 1. As the project progressed, however, this 


rather optimistic schedule had to be repeatedly revised. For instance, 


the total number of articles tested tripled the number visualized in the 


original estimate, and the time of the entire R&D program extended to 


April 1952-that is, to six and three-quarters years rather than four. 


The actual history of the project, as viewed in retrospect, is re- 


flected'in Figure 2. The progress of the complex system is divided into 


major channels of pursuit relating to the computer, the radars, the 


control machinery, the booster, the missile structure, its aerodynamic 


performance, and its damage potential. Here again, the story cannot be 


told by merely following these columns through the years, because the 


efforts overlap, branch off, and recombine, and because other components 


such as the launcher, the test equipment, and accessories came into focal 


view as specific problems were encountered. 


In line with the schedule shown in Figure 2, the project was broken 


down into several phases, each of which was established as a yearly 


development program. The 1946 Missile, designated as Model NIKE-46, was 


to be designed and fabricated for a field test program to study uncon- 


trolled vertical flight. Wooden dummies and powered NIKE-46 Missiles 


were scheduled for firing at White Sands Proving Ground to provide 


information on launching methods, booster propulsion, separation, motor 


performance, and flight stability data. The NIKE-47 model was to be a 


revised version of the NIKX-46 for continued uncontrolled vertical 


flight studies. Programed control and roll stabilization were to be 


incorporated and tested in the N M E - ~ ~ 
model. The final product, with 


full ground control and warhead provisions, was scheduled for completion 
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Figure 1. Tentative NIXE Dwelopnent Schedule-July 1945 
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Figure 2. 
Synopsis of Major Steps of NIKE Development 


and test as the NIKE-49 model. 


Basic Design Concept and ~~ecifications 


As specified in the initial AAGM study, the NIKE Missile was to be 


designed to provide a defense against aircraft capable of flying at 600 


miles per hour at 66,000 feet altitude. The approximate practical 


horizontal range of the weapon was to be on the order of 12 miles. The 


highly maneuverable, high-speed missile was to be launched and steered 


from the ground, and guided to impact by signals derived from a radar 


tracking system. 


The missile was proposed to be about 19 feet long, with an overall 


weight of 1,000 pounds, 300 pounds of which would be the weight of the 


fuel-and oxidizer. Four large triangular fins were to be provided at 
. 
, 
: 
the aft end of the fuselage, with four movable surfaces forward for 


missile control and guidance. The missile was to be fired vertically 


fr0m.a launching assembly of guide rails, and boosted to supersonic 


speed in about two seconds by a high-thrust booster unit having eight 


solid fuel rockets, with a total thrust of 93,000 pounds, arranged 


concentrically about the tail of the missile. The weight of this type 


of booster unit, with fins, was calculated at 2,020 pounds. 


,At the end of the boost phase, the booster assembly would be 


dropped and the missile would travel under its own liquid-fuel rocket 


power until the propellants were consumed,.then zoom to impact. The 


performance characteristics were calculated on the basis of the use of 


" 
- 
- 


a 3,000 pound thrust, regeneratively cooled rocket sustaining motor, 


with an aniline mixture as fuel and red W n g nitric acid as oxidizer, 


having a burn-out at 24.3 seconds after launching. The propellant tanks 


would be pressurized by metered pressure from a high-pressure nitrogen 


storage system. 


The velocities expected from the missile were initially conceived 


at 1,750 feet per second at the end of a booster phase of 1.8 seconds, 


increasing almost continually to about 2,500 feet per second at the end 


of the missile motor operation, then decreasing to 1,150 feet per second 


at 96,000 feet during the zooming period. Calculations of velocity were 


not established beyond this point-a Mach rider of 1.2-because of 


uncertainty of control in the transonic region. The accelerations 


expected were about 25g at the start, increasing to about 35g at the end 


of the booster phase. A missile maneuverability requirement of 5g at 


k0,000 feet was tentatively chosen. 


A stabilization system was to be incorporated to control the move- 


ment of the missile in roll, pitch, and yaw. A guidance system would 


maintain the missile upon an optimum trajectory td the point of frag- 


mentation, based on data supplied by two radars-one tracking the target 


and the other tracking the missile-correlated and converted into 


steering information by a computer. The plan called for optimum frag- 


mentation of the missile and warhead by a burst signal computed for 


each encounter for greatest kill probability. 1 


The I?IKE R&D System, which was later developed by the foregoing 


specifications, is a lineal descendant of the original system conceived 


in the AAGM Report and differs from it only in comparatively minor 


respects. The nature of these* changes and the subsequent history of 


1. "Project NIKE Technical Report," BTL, 15 Jul 47, sec 2, chap 1, p. 2 


(ARGMA Tech Lib, R-14951). 


BIKE development are fully treated in the succeeding portions of this 


chapter. 


Preliminary Design Studies 


The latter half of 1945 and early 1946 was spent in planning the 


detailed requirements of the various components and in making early 


design studies and tests. The DAC came into the pictive at this t h e 


and began a complete study of the aerodynsmics of the missile as pro- 


posed in the initial AAGM study. Booster design was also started at 


this time by the AeroJet Wufacturing Company. 


One of the first deliberate departures from the original system 


recommendatiMs, accepted in the fall of 1945, concerned the radar 


tracking system. A study of the angular accuracy requirements of the 


tracking radars and echo fluctuation measurements on metal-painted free 


balloons and airplanes in flight revealed that conical lobing methods 


would be inadequate to yield the required smoothness and accuracy of 


data.2 Radars had been used extensively during the war, not only for 


surveillance and detection, but also for the pointing of antiaircraft 


guns. Yet none of these was sufficiently accurate for the problems 


posed by the guided missile. Since the standard lobing radars devel- 


oped during the war were limited by rapid pulse-to-pulse fading, it 


was obvious that a more accurate radar would have to be developed 


specifically for N E E . 
The smoothness of output would have to be such 


that target acceleration maneuvers could be promptly detected and 


countered without long delays necessitated by smoothing rough data. 


2. S. Darlington, "Radar Specifications for ProJect NIKE," Rept MM-45- 


110-78,. 1 Bov 45 (ARCMA Tech Lib). 


Hence, a decision was made to develop a radar system which would provide 


an independent measurement of angular error on each pulse (monopulse 


type) and thus eliminate angular perturbations caused by rapid pulse-to- 


pulse fading. 


Two different monopulse sytems were studied. 
One was a phase com- 


parison system, and the other an amplitude null system, Pn which the 


rapid fading signals received from the two-lobed beams are subtracted 


from each other to obtain the angle error signal. The latter method was 


decided upon because it was simpler and more readily mechanized. 


Of other radar features, attention was focused on the problem of 


obtaining high transmitter power w i t h a wide range of tunability to 


attain maximum protection from jamming. 
This study resulted in the 


development of 250-kilowatt X-band and 1000-kilowatt S-band tunable 


magnetrons for the NIKE and T-33 radars, 


A missile model of 0.4 scale was b u i l t in order to measure its radar 


reflectivity. 
Tests with a K-band radar illuminating the modelled t o 


the conclusion that i n reflection tracking a range of between 5O,OOq,and 


100,000 feet could be attained with a radar peak power of 125 kilowatts 


at X-band, 
This would barely meet the original requirement of a 60,000 


foot range for the missile. 
Meanwhile, it was foudd desirable to extend 


missile performance to 150,000 feet and the missile tracking range a l i k e 


a 


distance. 
To obtain a reliable signal from the missile by reflection 


tracking t o this range would have required techniques too f a r beyond the 


state of the art. The only alternative was t o place a beacon responder 


in the missile to insure a clear missile signal. 
There were a number of 


other equally important factors that justified the use of the beacon 


responder. 
First, the missile had to be acquired in the launcher despite 


- . 


the presence of strong ground echoes; second, a t the separation of 


booster from the missile, both parts were likely t o return equally strong 


reflection signals so that the booster could pull the radar off the 


missile; third, the flame during motor burning might cause tracking 


interference; and finally, during the end game the missile radar would 


have trouble distinguishing between the missile and target as the ranges 


became coincident. 
A l l of these problems were successRzlly solved by the 


responder, which 
an echo signal considerably stronger and 


different in frequency from any of the interfering signals. 


Next to be considered were the problems connected with the design 


and operation of a suitable responder of very light weight. 
To obtain 


the features of a responder, it was only necessary to add a relatively 


small transmitter unit to the X-band receiver which was already required 


on board the missile t o receive the steering and burst orders. 
Modulator 


circuits of the ground-to-missile canmnrnication system were constructed 


and successRzlly tested in the laboratory for performance. 


Early in the deiign study phase, it became apparent that the actu- 


3 
ators for the control surfaces would require servomechanisms whose 


speed and torque exceeded that of any type then available. 
Because of 


the wide range of aerodynamic stiffness encountered, it was also recog- 


nized that the servos would have to be stable over a range of gain of 


3. 
Control Surface is defined as a movable a i r f o i l designed to be 
rotated or otherwise moved by control servomechanism in order to 
change the attitude of the aircraft. 
In final stage of steering, 
control surfaces change the flight path of the missile by application 
of some force i n response to the directing signals. 


more than fifty to one. The actuators would have to operate fins whose 


aerodynamic hinge moments could be of the order of 2,000 inch-pounds in 


the case of roll, and 700 inch-pounds in the case of steering. Full 


deflection of fifteen degrees would have to be attained in about 0.1 


second. A study of the problem indicated that it should be possible to 


fulfill these requirements with a hydraulic servo system governed by an 


electrically controlled valve. Since no valve was available to meet 


these requirements, a special development program was initiated to 


produce a series of hydraulic valves which were eventually used in all 


NIKE missiles. 


As to the control scheme for the servo system, it was agreed that 


the main feedback would have to come from a free position gyro for roll 


control and from transverse accelerometers for the steering orders. 


Gyroscopes of various makes had already been developed for other pur- 


poses and mainly required the installation of suitable potentiometer 


pick-ups. Accelerometer transducers, however, were not currently 


available in a suitable range and with appropriate damping. Conse- 


quently, a program was initiated to develop a special NIKE accelero- 


meter transducer with magnetic damping. The hydraulic servo parer 


system comprising actuator pistons, pressure vessels, and plumbing 


could be recruited with minor refinements from the contemporary 


aircraft hydraulic art. 


In the meantime, DAC had started an intensive study to determine 


the aerodynamic characteristics likely to be obtained from the missile 


configuration assumed in the AAGM Report. The advantages of the canard 


arrangement and the delta shape of the cruciform rear fins were soon 


confirmed and retained throughout the development period. The movable 


fins in the forward part, however, were redesigned. They were reduced 


in area, moved farther ahead toxard'the nose for greater leverage, and 


their shape was altered from trapezoidal to a tventy-three-degree 


semi-vertex angle delta for lower drag and amalzer center of pressure 


shift. Wind-tunnel tests were then conducted on a scale madel of the 


new configuration at a Mach number of 1.72 in the only supersonic 


facility then available; viz., the Ballistics Research Lsboratory at 


Aberdeen Proving Ground (a). 
Though scanty in many respects, the test 


results gave the first directly applicable data concerning the aero- 


dynamic behavior of this type vehicle in lift, brsg, and pitching 


mument. 
Moreover, they partly confirmed and partly eased the con- 


servative assumptions or restrictions adapted in the AAGM Report. 


The W M E missile structure was to be designed to provide adequate 


strength and rigidity vlth the least possible weight. Since a missile 


is emended on each flight, non-strategic materials were to be used 


wherever possible vlthout sacrificing the strength-to-weight ratio 


needed to obtain rapid acceleration during the boost phase and high 


maneuverability during the guided flight phase. Other factors in- 


fluencing the missile body design were aerodynamic smoothness, warhead 


spray pattern, component packaging, and access to installations. 


Surface smoothness and the minimum practical thickness compatible vlth 


rigidity requirements were the main design criteria for the fins. 


A preliminary design study of a practical missile structure dealt 


&. 
M. W. Conti, "Wind-Tunnel Tests of BIKE Models, Mach No. 1.72," 
BRL 


Memo Rept 425, 2 Apr 46 (ARGMA Tech Lib). 


with such problems as weight estimates, center of gravity due to fuel 


consumption, fuel flow, and ease of fabrication and assenibly. For ease 


of fabrication, the tank structures were changed to comprise two spheri- 


cal air pressure tanks and two separate cylindrical tanks for acid and 


aniline fuel, respectively. This simplified the fin attach structure 


and facilitated tank testing and accaprmodation of accessories in 


functionally-grouped sub-assemblies. The electronic guidance compart- 


ment and center warhead were interchanged to improve balance. In the 


area of control fins and their mechanisms, staggered shafts for pitch 


and yaw fins were advocated. As to the rear body, a sturdy motor mount 


was envisioned, with its plumbing readily accessible. .-.. 


On the basis of experience just being gained with WAC CORPORAL 


missiles undergoing tests at White Sands Proving Ground (WSPG)*, design 


. studies of cooled and uncooled motors were begun at Aerojet Corporation. 


The choice of a suitable and industrially procurable booster was 


narrowed down to two alternatives: one comprising eight ten-inch T-1OE1 


rockets, and the other a quadruple cluster of thirteen and one-half-inch 


Aerojet rockets. Canting the rockets or their nozzles was considered 


as a possible means to reduce or avoid undesirable thrust moments. The 


booster-to-missile attachment was studied with a view to avoiding high 


loads and separation difficulties. 


A continuing program of warhead design and experiments was carried 


on between BTL and BRL. 
The first proposed warhead consisted of a 


small tapered central cylinder of high explosive which would eject a 


* Now known as White Sands Missile Range-name changed in 1958. 


mass of shrapnel pellets in a flat expanding disk-shaped sharer, whose 


velocity was essentially the missile's t e r m i n a l velocity. Meanwhile, 


new data on small high-velocity fragmentation warheads made these appear 


more attractive from the lethality point of view and als; because they 


allowed for the possibility of an effective tail chase. For the next 


four years, an experimental program was carried on to produce an ade- 


quately wide fragment beam, to obtain uniform velocity distribution over 


the beam, and to provide uniform break-up into Fragments of the double- 


wound wrap of wire which constituted the source of the lethal particles. 5 


The design studies and decisions just discussed were reviewed in a 


planning conference on 28 January 1946, and the development program for 


the 1946 mSXE was established. 


System Camponent Development and First Test Firings 
(January 1946 to January 1947) 


The period essentially covering the year 1946 was deliberately 


devoted to the independent development of major system components, which 


was pushed forward on many technical fronts. It included laboratory 


simulator work and culminated in the first real experimental missile 


firings on the test range. 


As stated in the section dealing with the plan of development, the 


1946 NIKE was to be designed and fabricated for uncontrolled vertical 


flight tests to provide information on launching methods, booster pro- 


pulsion, separation, motor performance, and flight stability. While 


tk;e preliminary design studies were being reduced to practical 


application in the form of the 1946 NIKE missile, work was continued on 


5. N E E Project Status Report, BTL, 15 Jan 4.6 (ARGMA Tech Lib). 


the development of ground guidance components for installation and test 


in later missiles. 


Radar - 


To gain experience with monopulse tracking in the X-band region, an 


SCR-545 radar was converted to this new type of operation. In making 


this conversion, the antenna system was replaced by a monopulse rapid- 


fading (RF) system with a lens antenna. The performance of the SCR-545 


mount for the monopulse system was improved by the addition of ta- 


chometer feedback in the angle servos. 


As originally envisioned in the AAGM Report, the target and missile 
. 


tracking radars were to be combined into a single mount with two separate 


lens antennas mounted on a rotatable beam atructure on top of a common 


radar van. The azimuth of the target radar beam was to be adjusted by 


moving the entire beam structure, and the difference between the target 


azimuth and the missile azimuth was to be adjusted by moving the missile 


radar antenna with respect to the beam atructure. This original plan was 


dropped mainly because of the excessive power requirements to meet the 


slewing rates and because of the problem of one antenna assembly shadow- 


ing the other when mounted in such close proximity. 


Consideration was then given to the idea of having both antennas 


rotate in azimuth with respect to the beam atructure and making the beam 


atructure rotate only as required to prevent shadowing. Further study 


of this dual mount, however, revealed serious drawbacks, such as severe 


requirements of the mechanical rigidity of the top-heavy rotating super- 


structure, bending of the beam assembly due to solar heat, and the 


problem of placement of a common vehicle so that radar visibility is 


obtained to all launchers without jeopardy of best target coverage of 


the defense zone. 


To avoid these difficulties, it was finally decided to abandon the 


dual mount structure and accept completely separate mounts as a more 


attractive solution. With each track antenna assembly mounted on a 


separate low-slung flat bed trailer, both mounts must be accurately 


leveled and an adjustable parallax correction provided in the computer. 


The basic parer supply for the radar was standardized at 400 cycles 


per second rather than the usual sixty cycles per second because of 


saving in weight and size for power equipment. Experimental studies of 


the acquisition radar resulted in the choice of S-band and in the raising 


of the parer requirement of the tunable magnetron tube to 1,000 


kilowatts. 6 


Computer 


In a system such as NIKE, the characteristics of the guidance com- 


puter are of critical importance during the last few seconds before 


intercept. It was recognized that one of the terminal accuracy problems 


centered around the possibility of filtering out the tracking noise 


without unduly delaying the recognition of a true target maneuver. Some 


thought was given to determining the optimum steering fbction by hand 


computations; however, it was soon realized that the enormous number of 


sample computations required would make such a procedure virtually 


impossible. 


Consequently, early in 1946, an analog device called the Computer- 


6. Proj NIKE Status Rept, BTL, 15 Jan 47, Sec 4.1 - Radar (ARGMA Tech 
Lib, ~42081) . 


Analyzer was built specifically to analyze the end game. This apparatus 


solved the guidance equations in two dimensions so that lateral miss 


could be studied under wide variations in the steering order equations, 


the noise level, the smoothing and stability parameters, and the magni- 


tude, nature, and timing of target evasion. Over 7,000 runs, comprising 


nearly 700 distinct situations, were made and abalyzed. From these runs 


emerged opthum smoothing, prediction, and order-shaping techniques, in 


addition to a large body of knowledge concerning the effects of various 


kinds of target maneuvers. 
The circuits of the R&D computer were based 


on this analysis. 


By the end of 1946, the computer design had advanced to a block 


diagram stage from which the detail design could be made. The computer 


philosophy adopted was quite different from that conceived in the origi- 


nal AAGM Report, but most of the basic plans were retained in modified 


form. To simplify the prediction process, the coordinate system of the 


computer was changed fram the polar radar form to Cartesian earthbound 


axes, oriented according to the pre-launch axis bearing of the missile 


-0. 
This presentation was more adapted to overcome the parallax 


problems inherent to the two separate antenna stations for missile and 


target radars, and the considerable separation required by the radar 


and launching sites. It also afforded greater flexibility in choosing 


the most advantageous trajectory shape, as well as easing the reso- 


lution of steering orders into their pitch and yaw ccmrponents. These 


changes also necessitated the introduction of a new method of 


tra3ectory shaping to approach the most efficient flight path. 


Detail design studies were started on the subjects of steering 


order computer, pre-launch computer, burst computer, sequence of oper- 


ation, component accuracies, voltage regulation, standardized feedback 


amplifiers, radar-to-computer data transmission system, and visual 
7 
means for displaying the attack. 


At the beginning of the 1946 development period, a decision had 


been made to proceed with the manufacture of fourteen experimental 


missiles for flight test at WSFG in the fall of the same year. The 


first four of these were to be ballasted wooden dummies simulating a 


missile in shape and inherent dynamic properties only. In addition to 


furnishing much needed drag information, they were destined to prove 


booster propulsion and separation or to show what unexpected problems 


might arise. The other ten were to be real missiles in the sense that 


they would be equipped with a self-sustaining power plant. No attempt 


was yet to be made at roll stabilization. Neither would these missiles 


be controlled in pitch or yaw; their fins were to be fixed. The pur- 


pose of the latter ten rounds was to study power plant operation and 


flight stability under power. 


Wind-tunnel tests of the 7.5 per cent model of the NME missile 


were continued at APC to cover an intermediate epeed (Mach number 1.28), 


in addition to the higher one ( ~ c h 
n&er 
1.72) previously explored. 


These experiments were supplemented by subsonic tests on other scaled 


models in the ten-foot wind tunnel at the California Institute of 


7. R. B. Blackman and S.'Darlington: "The. NIKE Computer," Rept MM-47-110- 


27, Part I, 7 Jan 47 (ARGMA Tech Lib File R-14951); and Proj NlXE 
Status Rept, BTL, 15 Jan 47, Sec 4.3 - Computer (Tech Lib, R-12081). 


Technology. Lift, drag, and stability, as well as aileron and control- 


fin hinge moments, were determined and found to be generally satis- . 


factory. 


The design of the first test missile was frozen by the middle of 


Figure 3. NlXE-46 Missile & Booster 


February, 1946. This design (see 


Figure 3) embodied a cruciform 


delta wing canard configuration, 


the details of which have already 


been discussed. Though basic 


requirements of the concept8 were 


maintained during the engineering 


and fabrication of the 1946 


missile, certain revisions were 


made in the light of actual de- 


sign development and in the 


adaption of the missile to its 


uncontrolled test program func- 


in-h-~ail 
Launcher (12 Nov 46, WSK) tions- 


Booster Assenibly. Among the principal changes was the use of 


four parallel Aerojet solid fuel (~ara~lex) 
rockets with uncanted 


nozzles, designed to deliver a thrust of 22,000 pounds each for two 


seconds and impel the 1946 type of test missile to supersonic velocity. 


The early designs-based on the grouping of' eight TlOEl 11,000-pound 


thrust rocket units-were discarded at the end of March 1946, when the 


8. 
See Basic Design Concept & Specifications, pp. 17-18. 


development of the larger 


incorporation in the 1946 


thrust booster rocket for 


AeroJet units bsd sufficiently progressed for 


program. Develogment of the 22,000-pound- 


the NME-46 was initiated at the AeroJet Engi- 


neering Corporation in April 1946, under a subcontract f r m DAC. 


AeroJet was to furnish 56 boosters, to be assembled in clusters of four 


each by DAC. Preliminary developent of the booster assembly was c m - 


pleted in July 1946 and static proof flrings were started in the 


following month. ~ u t 
of a total of 68 Azll-scale firings, eight failures 


were experienced, two of whfch occurred at WSIG. One addittonal failure 


occurred near the end of boost in a WSIG launching, when the nozzle of 


one unit was burned through. Although the test results indicated a need 


for further Improvement in reliability and reproducibility, booster 


performance gave promise of ultimate fulfillment of the desired degree of 


reproducibility. 


The propellant finally selected for the booster rocket consisted of 


a single perforated grain Paraplex-baee fuel and potassium perchlorate 


oxidizer. The particular formulation of conetituents used for this 


application was designated as AK-6 propellant (formerly called PF-6), 


having the followiq composition by veight: Potassium Perchlorate, 73s; 


Paraplex P-10, 26.85s; and Tertiary-Butyl Hydrogen Peroxide, 0.15s. The 


ignition element coneisted of granular black blasting powder contained in 


a plastic capsule, together xith two ordinary electric blasting squibs 


which served as initiators.9 


9. A. L. Antonio, "Summary Report on the Develomnent of the Booster 
- 


Rocket for the 1946 N I k --~eroJet 
Model 2~5122,000," AeroJet Rept 
No. 248, 15 Aug 47 (ARGMA Tech Lib). 


Power Plant. The parer plant for NEE-46 missiles coslprised a 


bi-propellant, regeneratively cooled, liquid rocket motor. Developed 


and manufactured by AeroJet as Model X~~AL-2600, 
the 40-pound motor was 


designed to produce a sea level t*st 
of 2,600 pounds for 21 seconds. 


A fuel mixture containing about 659 aniline and 359 furf'uryl alcohol 


was oxidized by red W n g nitric acid. The liquid load consisted of 


220 pounds of oxidizer and 80 pounds of f'uel. 
The propellant tanks were 


constructed as integral structural parts of the missile f'uselage. 


Cevelopment of the rocket engine for the 1946 N E E was initiated at 


AeroJet late in 1945, under a subcontract f'rom DAC. AeroJet was to 


'furnish rdciket motors, control valves, and pressure regulators (for 


pressure feed system) for ten missiles. Other components of the power 


plant, including tanks, lines, and starting valve, were designed and 


fabricated by DAC. The development tests were coslpleted by the end of 


April 1946. 


The design of the prototype assemblies was predicated on the final 


version of the respective experimental assemblies. The prototype motor 


and control valve were successfully fire-tested on the thrust stand 


during May. Final proof fire tests were made in a mockup of the actual 


NIKE installation, using the field firing sequence. Test results were 


equal to specification requirements and the design was declared adequate. 


The coslplete parer plant was then subJected to a full-scale static test 


at WSPG. Acceptance tests on the tenth motor were completed in 


September 1946. lo 


10. R. Tripp and R. B. Young: "Summary Report on the Developnent of the 
Rocket Engine for the 1946 NIKE - AeroJet Model X~~AL-2600," 
Aerojet 
Rept No. 247, 9 Jul 47 (ARGMA Tech Llb) . 


Structural Arrangements. In the structural arrangements, the delta 


1 
I - 
shape was selected for both the control fins and main fins to improve 


the lift-to-drag ratio, and the control fins were moved farther forward 


along the missile body than was suggested in the basic plan. 
The design 
I 
' 


studies revealed that considerable advantage could be gained in the use 


of two spherical tanks for the high-pressure gas storage, mounted be- 
- 


tween separate tanks for the oxidizer and the Fuel. With this arrange- 


ment, the space around the spheres could be used for Improved wing- 


attach structure and parer plant components, and the aft section could 


be removed as a unit for easy access to the motor installation. The 


wing structure was designed, in conjunction with the booster assembly, 


to reduce the moment arm of the applied thrust of individual booster 


cylinders. 


After allocations had been made for missile components, the length 


of the missile was increased from the proposed 19 feet to 1* feet in 


order to provide additional warhead space. The proposed waxhead was 


first divided into two units, one to be located in the nose section and 


the other in the aft section. On the basis of fragmentation tests, it 


was later decided to divide the waxheads into three sections-one located 


in the nose section, another in the middle section forward of the oxidizer 


tank, and the third in the afterbody of the vehicle forward of the motor 


installation. Space intended for the waxheads, controlmechanisms, and 


radio equipment of the final missile was used for instrumentation and 


beacon radio installations in the NIK3-46. 11 


11. 
Fred D. Ewing: "Design and Development of the 1946 IQIKE," DAC Rept 
No. SM-13041, 2'7 Jun 47, p. 5 (ARGMA Tech ~ i b ) . 


Instrumentation 


All experimental missiles were instrumented in an effort to gain 


as much quantitative performance information as feasible from each and 


every flight. The R&D design philosophy was governed by a decision 


that missiles were never to be fired as mere test vehicles but as 


steps in the evolution of the eventual weapon. Consequently, instru- 


mentation had to be accarnnodated where space could be found. During 


the early stages of the test program when no control equipment or war- 


heads were carried in the missile, there was sufficient room for internal 


b 


instrumentation. However, as development progressed and more control 


mechanisms were carried in test flights, less space remained for 


instrumentation. In the final version, which included warheads, no 


internal space was left and external instrumentation had to suffice. 


The original program called for simple missile-borne instrumentation 


to record linear accelerations and rolling motion in flight of the powered 


test missiles. Telemetry was expected to emerge eventually as the 


ultimate solution for future missile-flight test-recording work; however, 


none of the missile telemetry development programs then being pursued had 


progressed far enough to produce a reliable apparatus that would fit into 


the NIKE test rounds at the time the NIKE-46 
program was crystallized. 


Therefore, a conventional photographic system of recording instruments 


was used in the hope that a legible film might be recwered from the 


impact wreckage. No recording instruments were carried by the three d 
m 


rounds. Each powered missile was equipped with a radar beacon to serve 


as a tracking aid. 12 


12. Ibid., pp. 8 and 35. 


Launcher EQuipment 


The basic launcher arrangement, as taken from the AAGM Report, 


consisted of four vertical guide rails spaced at go0 about the missile, 


but passing within the booster structure. As the booster cylinders- 


originally eight TlOEl units-were supported outside the guide rails, 


the members had to be cantilevered from a rigid base. In later design 


development of the booster, when the TlOEl rockets were replaced by four 


Aerojet 22,000-pound thrust motors, Further restrictions were placed on 


the size and location of the guide rails which could be accommodated 


within the booster structure. The length and cross-section of the rails 


were determined by calculating the cantilever length feasible for the 


moment of inertia of the members and consideration of the booster velocity 


and stability which would be obtained in the launcher at take-off. 


The design of the mechanism for raising and lowering the rails was 


dictated by the availability of ccxponent equipment. This problem 


eliminated hydraulic mechanisms, and to a large degree restricted the 


kind of electric actuators which would be considered. A one horsepower 


electric motor was selected to drive a cable drum through a worm gear 


reducer. 


The first such mechanical launcher, from which the 1946 series of 


test missiles were to be launched at WSPG, was built in the form of an 


assexpbly of four parallel steel rails of hollow rectangular cross-section 


welded to a pivoted root frame on which it could be tilted to a hori- 


zontal position for loading and raised for (nearly) vertical launching. 


(mote launcher assembly in Figure 3.) During the launching operation, 


the missile would slide upward between the rails, guided by pins, while 


the boosters rode outside the rail ~-ant 
spaces. Although the 


launcher proved adequate, it was subdect to appreciable vibrations which 


were difficult to measure. The vibration problem was later e w a t e d 


in several steps of redesign of the launcher, all aimed at making it 


sturdier and simpler.13 


Missile Designations 


For record purposes, the missilea were identified by a double set of 


labels; viz., a "Round Number" and a "Missile Number," 
The Round Number 


was a chronological firing test serial number, the d u d e s being identi- 


fied by alphabetical letters b e g i ~ i n g 
with Round A and powered flight 


launchings by numerals beginning with Round 1. The Missile Number, which 


served as a factory identification number, consisted of two symbols 


separated by a hyphen, the first part denoting the design year or model 


number and the second part (after the hyphen) denoting a chronological 


manufacturing serial number. Dummy missiles were serially designated by 


letters placed after the model number prefix-e. go, HIXE-46-A-while par- 


ered missiles were distinguished by numerals, beginning with Missile No, 


Nm 46-1.14 


First Experimental Firings 


In the fall of 1946, test facilities at WSPG were readied for the 


first experimental series of WIKE firings. Fourteen missiles had been 


manufactured and delivered, four of which were inert (wooden) dummies and 


ten were powered but uncontrolled missiles, The dummy missiles were con- 


structed by mounting production-type m a h and control fins to solid 


13. Ibid., pp. 14 and 83.f. 
14. For later production models, a different numbering system was used; 


e.g., 
Model 1249 represented the first tactical version, NIKE I. 


Fuselages made of laminated mahogany. All test mlssiles were ballasted 


with lead to bring the gross weight to 1,000 pounds, as originally 


specified for the final weapon. The expendable portion of this weight 


amounted to 312 pounds-220 lbs. oxidizer, 80 lbs. Fuel, and l2 lbs. 


air. The basic design characteristics of the NME-46 missile and its 


components have already been discussed. 


Before conducting the first flight test, one missile (NO. 46-1) 


was static-fired to prove parer plant operation, to test the senicing 


and firing equipment, to determine the effect of motor operation on 


performance of the radar beacon and missile instrumentation equipment, 


and to familiarize the field personnel with the techniques involved. 


After the static test firing on 17 September 1946, Missile 46-1 was 


returned to the DAC Sank Monica Plant, where it was inspected and 


overhauled. It was then sent back to WSFG and flight fired as Round 4 


of the test series. 


Flight firings of the NIKE-46 missile began at WSFG on 24 September 


1946 and continued through 28 January 1947. Of the fourteen missiles 


provided for the 1946 test program, three wooden dummies and eight pow- 


ered but uncontrolled missiles were actually expended during this series 


of firings. A ninth round (Missile No. 46-4) was recovered intact, 


though damaged, after a booster misfire. (One dummy and one actual 


missile-46-D and 46-10-were not fired in this series but were re- 


sellred for Future test purposes.)15 
A brief account of the first twelve 


flight firings is given in Table 1 of Appendix 5. 


15. Fred D. Ewing: "Report on the Field Test Program of the 1946 NIKE," 


DAC Rept No. SM-13048, 8 Jul 47, pp. 1-6 (ARGMA Tech Lib). 


Figure 4. NIKE 46-1 in Flight 
(18 act 46, WSPG) 
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The first three unpowered 


(dummy) tests were entirely 


successful. The boosters de- 


tached themselves at altitudes 


of about 2,000 feet and the 


missiles coasted -to altitudes 


of 30,600, 43,300, and 42,150 


feet, respectively. These un- 


powered tests convincingly 


demonstrated the feasibility 


of vertical take-off under boost 


thrust, acceleration to a 


supersonic velocity of about 


1,900 feet per second, and 


stable flight before and after booster separation. 


The first unguided powered missile tests followed in rapid suc- 


cession. They were spectacular and full of dramatic surprises. The 


very first one, fired on 8 October 1946, made a completely successful 


flight, reaching an estimated peak altitude of 140,000 feet. The 


second round traveled 17 miles and the eighth over 25 miles, demon- 


strating not only more than the predicted range capability, but also 


the need for safety destruction in case of a runaway. l6 ~ 0 t h 
the 


second and eighth rounds reached a peak altitude of over 100,000 feet. 


However, the other r o w s were unsuccessful because of poor 


16. See 8th round test results, Table 1, App. 5. 
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booster separation and motor troubles. 
The third round, which reached 


a peak altitude of only 58,900 feet, exhibited intermittent motor 


operation and poor separation of the missile-booster combination. 
The 


separation problem repeated itself in the fourth and fifth rounds; the 


sixth and seventh rounds were wrecked by booster explosions during 


launch; and the ninth round was a booster misfire. 


Failure of motor operation in Round 4 and complete loss of the 


motor after separation in Round 5, together w i t h other evidence of 


structural damage, led to the conclusion that same violent lurch was 


caused and damage was inflicted by the booster upon the missile a f t sec- 


tion during sepsration. 
This trouble was presumsbly due to some irregu- 


larity of thrust or premature burn-out of one.or more of the four rocket 


I 


boosters. 
To remedy this problem, guide r a i l s were installed between 


the missile and the booster, and the booster nozzles were canted so that 


the line of thrust of each booster would pass through thercenter of 


gravity of the missile. 
Some thought was given to changing the entire 


booster concept; however, it was decided to continue w i t h the four- 


booster units, a t least for the time being, so that other parts of the 


program could advance on schedule. 


Information obtained from missile tracking radars was very meager 


since the tracking beacon was silenced i n every instance by violent 


events during or a t the end of boost, frustrating the planned tracking 


tests. The troubles encountered in the first few rounds were diagnosed 


w i t h reasonable certainty and corrected; however, in most of the l a t t e r 


rounds the beacon was damaged along with other items i n the rear of the 


missile. 
The fact that the beacon failed during boost rather than a t 


separation indicated the existence of more problems than those attributed 


to poor separation, 


The discovery, analysis, and clarification of problems encountered 


during these experimental firings came as a result of elaborate in- 


strumentation. Arrangements had been made with W S E to obtain maxirmun 


coverage of the missile tradectory Frcun the network of cinetheodolite 


stations then available, This was still in a scunewhat rudimentary stage 


in 1946; time correlation of stations was precarious and indirect, frame 


sequence was four exposures per second at best, and evaluation was un- 


mechanized and painfully slow. Thus, the accuracy of position data 


obtained was hardly sufficient to determine acceleration to a signifi- 


cant precision. 


It was therefore fortunate that provision had been made to equip 


the missile w i t h airborne instruments. In the early period, before the 


advent of reliable radio telemetry, this was done by means of a flight 


recorder which consisted of two missile-borne motion picture cameras 


photographing two sets of instruments in flight. These instruments were 


axial and transverse accelerameters, a fuel regulator pressure gauge, 


several aerodynamic pressure gauges, and a heliograph, The latter was a 


specially developed optical device which, with the aid of four extreme 


wide-angle lenses, produced a pictorial record of the relative position 


of the sun and the horizon, From these records, the history of the 


attitude and orientation of the missile in space could be reconstructed 


by a somewhat laborious evaluation technique. But first the impact of 


the missile on the ground had to be located by a search team and the 


4 


armored film cases had to be recovered frcun the wreckage. It was often 


necessary to dig a considerable depth before retrieving the film records. 


To byrove the changes of film records surviving the impact, film maga- 


zines were protected by means of armored cases and shock-absorbing 


packing, and the velocity of met was reduced by blasting the main fins 


during descent. 


The photographic records disclosed a number of significant episodes. 


One was the occurrence of a prolonged stable corkscrew motion of Round 2 


on its spectacular 17-mile flight. A soanewhat similar motion was ob- 


served on Round 3 which was also troubled by malfunction of the pressure 


regulator in the fuel feed system, and a chemical fuel fire started in 


flight which eventually set off the fin destructor, causing the missile to 


tumble during its subsequent descent. Improvised booster-borne cameras 


gave pictorial evidence of kinematic separation difficulties. 17 


Propulsion and Aerodynamic Test Program 
(January 1947 to December 1947) 


In November 1946, while the field test program was still in progress 


and before the seriousness of the booster difficulties was fully realized, 


a planning conference was held at WSFG to map out a tentative but opti- 


mistic missile test program for the next two years. This program was 


desimed to lead in a systematic sequence of stages to the development of 


a practical missile which could be flown under command of radar and 


computer as soon as the latter equipment became available. Thus the 


system guidance loop would be demonstrated in action. The development 


test program envisioned the successive construction of a family of missiles 


17. DAC Rept SM-13048, op cit., pp. 7 If; and "Project N 
. 
Progress 
Reports for October and November 1946," BTL, 1 Dec 46 (ARGMA Tech 
Lib R-12058). 


controllable to a gradually increasing degree. In case of troubles or 


malf'unctions,,it was decided that the firing program would be interrupted 


or expanded and recognized errors rectified before proceeding. 


Radar Development 


In 1947 radar development effort was directed toward the determi- 


nation of the best antenna configuration and antenna axes orientation. 


After investigating various alternatives, the requirement of tracking the 


target through the zenith was eliminated. This region was not considered 


sufficiently important to justify the additional complexity in a guided 


missile system in which the intercepts usually occur on the incoming 


course. Considerable development and experimental work was also devoted 


to radar gain control. Since the speed of response of the gain control 


circuits in a monopulse was no longer limited by the lobing rate, the 


initial work was directed toward proving an instantaneous gain control 


circuit in which the gain would be properly set for the level of such 


return pulse. Such a circuit was tried successfully but was later re- 


placed by a simpler wide-band integrating type of automatic gain control. 


During the fall of 1947, the improvised experimental monopulse radar 


set was equipped with a 6-foot X-band lens and put through extensive three- 


coordinate operation, tracking various aerial targets at Whippany, New 


Jersey. Accuracies considerably better than one angular mil were con- 


sistently attained for short period6 and one decimil deemed within reach. 


While much work was destined to be done before achieving consistent high 


accuracy, the superiority of this type radar over any previously available 


system was already convincingly demonstrated. 


While the above tracking tests were in progress, basic advances were 


made in the improvement of rapid-fading plumbing for the monopulse radar 


then under development for the field test program at WSFG. Comparison 


studies were conducted on hybrid rings and tees to determine the ad- 


vantages of each, particularly in regard to wide-band operation. Hybrid 


rings in tandem proved to be the better and were adopted for the final 


R&D monopulse plmibing. At the same time, studies were made to find the 


best method of fabricating the plumbing to meet the close mechanical 


tolerances required. 18 


The NTKE-47 test missiles were beacon-tracked at WSFG with an SCR- 


584 radar modified for operation in the X-band. Radar tracking in these 


tests was generally good. Acquisition of missile in the launcher and 


automatic tracking of missile during boost and separation were accon- 


plished and verified as a solution to the missile acquisition problem. 


However, the microphonic response of the beacon to boost shock was 


troublesome. A greater signal output was considered necessary to improve 


the signal-to-noise ratio, and better antenna pattern in the missile tail 


aspect appeared desirable .I9 


The 1947 missiles were also equipped with improvised "fail-safe" 


circuits to enable detonation of the missile in the event of loss of 


contact between the ground radar and the missile-borne beacon. 20 


Computer 


Studies of the various computer sections and their detail design 


were continued. The problem of radar-to-computer data transmission 


18. "Project NIKE Status Report," BTL, 15 Mar 48, pp. 16 ff. (ARGMA 


Tech Lib). 


19. L. R. Kellogg: "1947 NIKE Missile Trials - Beacon Radar Performance; 


l9 Dec 47 (ARGMA Tech Lib). 
20. R. Morrison: "No-Signal Relay for the I?lKE Missile," 30 Jul 47 


(ARGWA Tech Lib). 


received particular attention due to the great accuracy required of the 


voltages representing the missile and target positions in space. Two 


possible methods were under consideration: (1) the construction of ex- 


ceptionally accurate potentiometers to be directly driven by the radar 


shafts, as in gun fire director systems; or (2) a two-speed synchro data 


transmission system driving two-speed potentimeters in the computer. 


The original AAGM assumptions on the aerodynamic capabilities of the 


missile proved to be unnecessarily consemative. Investigation revealed 


that the time of flight could be shortened and cumputer computations 


simplified by adopting a flight path which-though departing from the 


optimum in range-would follow a single dive order sustained until the 


missile had turned from vertical flight onto a ballistic trajectory 


through the preaicted point of intercept. This control scheme was even- 


tually adopted for the NIKE R&D Test System. 


The original scheme of stabilizing the missile in roll was replaced 


by a more flexible scheme which was actuaJJy easier to mechanize but 


conceptionally more involved. In place of keeping the "belly" fins 


precisely vertical, it holds the plane of the "transverse" fins normal 


to the vertical orientation plane in which the free gyro is released at 


take-off. 21 


XUKE-47 Missile 


Because the NEE-47 was designed to serve generally the same f'unc- 


tions in tests of launching and unmaneuvering vertical flight as the NIKE- 


46, the basic configuration of the 1946 missile was retained. However, in 


light of the previous year's test results, several modifications were made 


21. Status Rept, 15 Mar 48, op.cit., 
pp. 22 ff. 


to incorporate newly-designed equipment. 


The missile boat-tail section was redesigned and strengthened, with 


corresponding booster stmctural changes, for improved application of 


boost thmst and smoother separation of the booster from the missile, 


Improved rigidity of the booster assembly was effected by an overall 


strengthening of components, together with stmctural additions to give 


improved guidance of booster along launcher rails, to place the boost 


thrust against the missile base, and to prevent side movement of the 


booster relative to the missile during separation. Pointed caps which 


had previously served to streamline the booster motors and apply the 


thrust to the trailing edge of the missile rear fins, were deleted. The 


after-body of the MXE-47 was designed to rest snugly in a cylindrical 


sleeve mounted within the booster stmcture. This arrangement afforded 


positive contact between the booster and missile during separation, thus 


preventing the booster from developing an angle of attack or sideward 


velocity before the boat-tail was sufficiently clear of the booster 


structure, as had been experienced in s m e of the 1946 tests. 


A number of changes were also made in the internal design and per- 


formance chsracteristics of the multiple rocket booster to correct the 


separation problems arising from uneven or unequal thrust forces during 


the boost phase, The single Aeroplex K-6 propellant grain used in the 


NIF;E-46 booster was replaced with two grains of Aeroplex K-14, which 


burns at a slower rate and with consequent lower chamber pressures. The 


thrust was reduced from a nominal 22,000 pounds to 18,000 pounds per 


motor, but the duration of burning was extended from about 2 to 2.5 


seconds. Changes were made to give more positive support to the 


propellant grain, and measures were taken in the field to keep the 


propellant grains at fairly even temperatures during a conditioning 


period prior to the firing. A new igniter was also developed. 


The parer plant system for the NIKE-47 was rebuilt around an im- 


proved design of the Aerojet Pilode1 21-AL-2600 acid-aniline motor. This 


motor was ten pounds lighter than that of the 201~~-46, 
but it possessed 


essentially the same capabilities, delivering 2600 pounds (sea level) 


thrust for about 21 seconds. In the new parer plant system, a single- 


unit inertia-actuated starter ~ a l v e ~ ~ r o ~ e l l a n ~ s 
feed regulator replaced 


the two previous separate components. Burst diaphragms in the propellant 


tank air inlet lines not only prevented premature mixing of the fuel and 


oxidizer, but also the premature entry of propellants into the motor.22 


NIKE-47 Test Program 


Five dummies (without motors) and four parered missiles were fired 


in the MXE-47 series. These tests were conducted as a continuation of 


the tests begun in 1946 to study launching techniques, and to obtain 


additional aerodynamic and performance data on the missile in free flight. 


The NIKE-47 firings were conducted in the following order: 


Date 
9 x 4 7 


Round No. 
D 
Missile No. 


47-E 


The five dunmy missiles (Rounds D through H) were made of hollow 


22. 
mid 
pp. 1 f and 8. 
-* 
' 


steel bodies with standard missile aft sections and fixed fins. Satis- 


factory flights were obtained in all dumrqy rounds, their peak altitudes 


ranging from 29,300 to 34,000 feet. The boosters for these rounds were 


equipped with nozzles outwafily canted (four at 15' 
and one at 17%') 
to 


minimize any turning moment about the center of gravity due to uneven 


thrust cessation among the four independently burning rockets. Clean 


separation was indeed achieved. Telemetering transmitters carried on the 


boosters gave good, informative records of booster burning pressures. 


With the various improvements in powder grain support and in nozzle manu- 


facturing, it seemed that the quadruple boosters now gave an acceptable 


performance and separation. However, the deviation from the predicted 


clinib path was excessive. Precise inspection and measurements of the 


canted nozzles disclosed dimensional variations which gave rise to 


unpredictable burning behavior and fusion, and hence thrust eccentri- 


cities, the elimination of which would have required the development of 


new manufacturing processes. To obviate this difficulty, it was decided 


+Yo return to straight nozzles for the four powered missile launchings. 


Following the dummy tests, four powered but uncontrolled missiles 


were fired, all of them with the new Aerojet parer plant already 


described. With one exception, they gave evidence of satisfactory boost 


and separation. In one round the separation method performed admixably 


under extremely adverse conditions. Two of the four rounds attained peak 


altitudes of about 120,000 and ll5,000 feet in smooth trajectohes; the 


other two rounds were f'rustrated by premature detonation. Analysis of 


the aerodynamic data obtained in the tests showed that the drag was very 


close to the originally estimated values or much higher than the 1946 


values. This effect was to be f'urther investigated in the 1948 


flights. 23 


Launcher and Accessory Devices 


Sweral improvements were made on the launcher. Its four 20-foot 


rectangular cantilever rails were replaced by heavy walled steel tubing 


which was easier to repair or replace in case of accidental damage. Guid- 


ing action during launch was now applied entirely to the booster structure 


rather than partly to the missile body. A second launcher was built 


portable so that it could be disassembled for transportation and set up 


on any flat surface in the field for firing. Erection was accomplished 


by means of a hydraulic strut instead of the electric winch of the earlier 


models. Eventually the launcher rails were shortened by three feet so 


that the effective guide length was reduced from fifteen and one-half 


feet to twelve and one-half feet, which was considered to be the best 


conpromise between guidance and accessibility. 


A number of accessory devices were developed which greatly facili- 


tated the assembly, checkout, and handling and servicing of the missiles 


at the Proving Ground and enabled the crews to carry on a continuous work 


schedule. 24 


Single-Plane Steering Test Program 
(January 1948 to May 1949) 


The general component function program of the four phases (viz., 


Phase 1, Roll Control; Phase 2, Steering Control; Phase 3, Step Control; 


and Phase 4, Complex Control), which had been outlined in a previous 


planning conference, was worked out in much greater detail during the 


23. Ibid., pp. 9 and 35. 
24. Ibid 
p. 13 ff. 
-* 
' 


Figure 5. Reparation for hunching Round 12, NIKE Missile 47-15 


(~orning of 9 December 1947, WSPC) 


' next plming conference held in October 1947. &en though some problems 


4 
of boost dispersion and parer plaat operation had not been f'ully solved, 
. 
it was decided to begin these tests in the sunnaer of 1948. Meanwhile, 


b 
plans were made to devote additional specimens of the 1947 model to a 


3 
determined attack on the unsolved problems and to conclude their tests 


and evaluation in time to catch up with the control f'unction tests, even 


if they should overlap. Such an overlap did occur and ran into the 


months of July, August and Septeniber 1948. 


Radar Development 


Apart from the missile performance test program, the design of the 


missile-tracking radar progressed and took definite shape in 1948. Prin- 


cipal effort was directed toward the design and construction of the 


monopulse angle tracking radar model for the missile tracking and ground 


steering phase scheduled to start at WSFG in mid-1949. For the MKE 


systems field test phase, the duplex mount arrangement of the original 


plan-two antennas separated by 12 feet on a common rotating platform- 


was abandoned in favor of two identical radar mounts placed 50 to 100 


feet apart. By Deceniber 1948, the components of this radar were well 


along in manufacture and the set was scheduled for systems test early in 


1949 


Considerable effort was also devoted to the design of components for 


the radar, especially the rapid-fading plumbing and associated receiver 


circuitry. After extensive laboratory experimentation, a satisfactory 


*. 
autamatic gain control circuit was developed. ' The various wave guide 


plumbing parts were made by an electroplating process that produced very 


smooth' internal wave guide surfaces within the allatable tolerance 


requirements. 
(This radsr was destined to transmit steering orders from 


a clock-governed programmer to the missiles during Phase 4 tests in 1950 


and remain at WSFG well beyond the R&D System Tests in 1951 and 1952.) 


In the meantime, the aircraft tracking data collected at Whippany 


during 1947 and 1948 on the modified SCR-545 mnopulee system were being 


analyzed for the influence of range and glint on tracking smoothness and 


accuracy. 25 


Computer Development 


The actual construction of many of the camputer components was 


started in 1948 after accuracy studies had established the equipment re- . 


quirements. It was determined that error sources would not lead to 


significant degrsdstion of the NIKE eyetern performance, that they were 


not serious, and were significant only in a few places In the computer. 


The design of components and major assemblies had progressed to the 


point where the overall computer assembly arrangement was established and 


the design of computer housing started. A decision had been made to 


employ the synchro data transmission alternative between radars and com- 


puter, and design work on this equipuent had reached a stage correspond- 


ing to other computer sections. 


Another decision made at this thne concerned the use of plotting 


boards rather than oscillographs to display the course of the engagement. 


Plotting boards present the picture at a considerably enlarged scale and 


give a permanent recording of the pre-launch predicted intercept point 


and the missile and target trajectories. 


25. Ibid., p. 16 ff; and "Project lVIKE,Status Report," BTL, 15 Dec 48, 
p. 29 ff. (ARGMA Tech Lib, R-12083). 


Booster Development 


Because of the uneven burning troubles experienced with the Aerojet 


cluster-type booster, a new and radical approach was tried in 1948; 


namely, that of a puwerf'ul single-rocket booster which had been perfected 


by the Allegany Ballistics Laboratory. This booster was designed for the 
6 
J 
P 
L 
~ 
Bumblebee rm-jet to meet performance criteria similar to that 


established for the NZKE. Its double-base solid propellant of OV com- 


position, prepared by the solvent method and cast with internal coxribustion 


surfaces, burned with nearly smokeless exhaust, while the Aerojet Paraplex 


rockets produced a dense smoke. The single-rocket motor alone was about 


120 inches in overall length and 17 inches in diameter. Its average 


thrust over a burning time of 2.6 seconds was rated at 51,100 pounds, 


with a total impulse of 140,000 pound seconds. The propellant had a 


specific impulse of 187 pound seconds per pound. 


In Mrch 1948, designs were completed and fabrication was started to 


adapt the Allegany rocket as a single-unit booster for the IOIKE. Natu- 


rally, the single booster had to be installed aft of, and in line with, 


the missile itself. This resulted in a rather long missile-booster 


combination, mainly because a space had to be provided between the 


booster and missile to avoid obstruction of the missile motor exhaust. 2'7 


The connecting structure was built in the form of a sleeve and ring 


attached to the front end of the booster can by means of struts or legs, 


leaving ample vent area for the motor flame. A conical steel cap w i t h a 


26. Jet Propulsion Laboratory-Johns Hopkins University. 
27. Until such time as a reliable means of starting motor at separation 
could be developed, it was necessary to start the missile motor 
during first half-second after launching. 


graphite t i p was attached over the booster chamber end to protect it 


f'rcun the heat and erosion of the motor W e . Because of differences 


in the center of gravity and the center of pressure in these missiles, 


a set of booster fins was designed to give positive subsonic and super- 


sonic stability to the combination during launching. 
Each booster was 


to have four fins of modified diamond configuration mounted near the aft 


end of the chamber .28 


During field tests conducted later in the year, a compm3tive study 


was made of the two booster designs under consideration-one 
comprised 


of a single AUe- 
JATO T39 2.6~~-51,000 solid propellant rocket29 and 


the other of four Aerojet JATO 2.51s-18,000~-2 
r0ckets.3~ The perfor- 


mance charscteristics of the two boosters were essentially the same; but 


f'rcun the standpoint of cost, a s s d l y , and handling, as well as the 


possible tactical advantage of being smokeless, the single thrust-unit 


booster possessed definite advantages. 
Consequently, it was decided that 


the Uegany rocket would be adopted for future 
field tests. No 


further development of Aerojet cluster boosters was scheduled, but they 


continued to be fired until the stock was depleted.31 


Launcher Development 


Ta accommodate the long single booster, a new single-rail launcher 


was built. Its design was based on a refined pattern of the preceding 


Launcher No. 2 (portable, four-rail), .in that an erectable rail assembly 


was supported on a flat tripodal base and the entire structure could be 


28. 
lYIKE Status Rept, 12 Mar W , op. tit., p. 11 f. 


29. 
Formerly designated as Model 3HC- 7,000. 


30. \ Formerly designated as Model 2. AS-18,000C-2. 
31. 
C. C. Martin: "Booster Performance," Rept W-44, 
16 Aug 4.8; and 
Status Rept, 15 Dec 48, op. cit., p. 17. 
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easily disassembled into manageable sections. This new monorail 


Figure 7. Launcher No. 3- 
Single-Rail (WSE Phote) 


launcher, designated as No. 3, is 


shown in Figure 7. It weighed only 


about 5,000 pounds, in contrast to 


12,000 pounds for the portable four- 


rail launcher. It had a loading 


height of 5 feet, an erected height 


of 18 feet, and an overall height 


of 35 feet when loaded with the 


missile and booster. 


In the nine test rounds fired 


later in the year with the Allegany 


booster, the single-rail launcher 


was highly satisfactory, particu- 


larly in regard to the simple and rapid loading methods it afforded 


and accessibility for pre-firing servicing of the missile and booster. 


These factors had a significant bearing on the decision to change to 


the single booster for NIKE. 


Based on the success of the new single-rail launcher, preliminary 


drawings were completed for a light-weight mobile launcher, incorpo- 


rating the running gear of an M-2 bran antiaircraft gun carriage. 


Possessing all major characteristics of Launcher No. 3, the new 


version was to be completely mobile and weigh about 3,000 pounds .32 


1948 Field Test Program 


During the summer and fal?. of 1948, 26 full-scale NIKE firings 


32. Status Rept, 15 Dec 48, op. cit., p. 22 f. 
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Figure 9. Loading Single Booster into Launcher Ao. 3 (vSFG, 194-8) 


were conducted at WSPG. 
These were divided into three test series-48-0, 


48-1, and 48-2-each based on a separate design of the lPIKE for the 


phase development plan of the project. From these designs emerged rmXE 


Models 484 and 490, which were to constitute the flnal missile con- 


figuration. 


Three IVIKE missiles (Rounds 31, 32, and 33) not expended in the 1948 


program were returned to DAC for modification of the ram pressure system 


and control system. These were reserved for use in the first part of 


the 1949 field tests. 


kTME 48-0 Test Series 


In a group designated as the NME 48-0 series, four Model mME-47 


live (powered) missiles and one dupmqy, which had not been expended the 


previous year, were modified and fired in free-flight tests with the new 


Allegany single thrust-rocket booster. The primary objectives were to 


test the new launcher and booster, td obtain aerodynamic data on the 


booster-missile, and to continue to free-flight performance study. (see 


Table No. 2 of Appendix 5. ) 
' The single booster, equipped vith four suitably large trapezoidal 


fins, was first tested on duxamy Round J, 17 June 1948. Although launch- 


ing and early boost was satisfactory, this first flight was terminated by 


booster fin failure prior to separation. 


After modifications had been made to strengthen the booster fins, 


three powered missiles (Rounds 14, 15, and 16) were fired in vertical 


flight tests, and a fourth (Round 17) at a slant elevation of 40' 
north 


from vertical. In three of these rounds the motor burning time was 


shorter than expected. In the first test, a reduction in burning time 


Figure 10. 
Oxidizer Fill, Round 14, Missile 47-17 (29 Jun 48, WSX) 


of 2 or 3 seconds was apparently caused by incomplete filling of the 


acid tank, but high lateral accelerations could have uncovered the fuel 


tank outlet. In the third powered round, burnout occurred % seconds 


early. Uncovering of the tank outlets appeared to be the only possible 


explanation In this case. Burning time was two seconds short in the 


slant elevation firing, but due to the nature of the traJectory it was 


expected that some propellant would be trapped in the tanks as the open- 


ings became exposed. The firing at slant elevation presented no serious 


problems of launching, boosting, or missile performance. 


Telemetered data obtained from missile-borne Bendix equipment, added 


for the 1948 tests, indicated lateral accblerations up to 4& to 6g during 


motor burning, apparently as the result of asymmetric thrust. The flight 


in which the motor had reached Full burning time was detonated 1.9 seconds 


after burnout because the horizontal velocity was in excess of range 


safety limits. Because of the reduced thrust, the peak altitudes and 


times of flight were lower than predicted, but aaalysis of data further 


confirmed that the aerodynamic performance of the misstle was satisfactory 


,and the estimstes of most aerodynamic characteristics were fairly accurate. 


An improved explosive charge017 ounces of cast TNT and 3 ounces of 


cast Tetryl-had been installed In the NIIQ+47 powered missiles. As be- 


fore, the charge could be detonated by beacon command or by a fail-safe 


system in the missile. '1n the four rounds fired, command detonation was 


accomplished when called for and the missile detonation was effective. 33 


rmXE 48-1 Test Series 


Most of the 1948 field program was devoted to tests of the NlXE 48-1 


33. Status Rept, 15 Dec 48, op. cit., p. 2 f. 


series, consisting of four Model NIRE-47 dummies and 13 NIKE-48 live 


rounds of the cluster booster-missile configuration. (See Table 3 of 


Appendix 5, ) Three of the dummies were fired in launching and f'ree- 


flight tests; one was allocated for a functional check of the detonator 


system operation. The live missiles, of the same aerodynamic design as 


the NIKE-47, were equipped Kith roll stabilization and steering controls, 


operated in response to orders from a missile-borne programer. The pro- 


grammed control tests of these missiles were divided into two phases: 


Phase I calling only for repeated roll stabilization from induced spins, 


and Phase I1 for pitch maneuvers in yaw and roll stabilized flights. 


Accordingly, the missiles were built to fulfill these test functions. For 


Phase I, the forward control fin mechanisms were locked, The power plant 


and general structural design of the NIKE-48 was very similar to the 


NIKE-47. 


Of the 48-1 powered missile series, all but the first, which was 


destroyed by a booster e~~losion,3~ 
were successf'ul as far as launch, 


boost, and separation were concerned. In moat of the 48-1 rounds, the 


motor operation was also successful; however, there was continued evi- 


dence of lateral accelerations produced during the burning phase, 


apparently as a result of eccentric motor thrust, In one firing (Round 


27)) the motor produced thrust only for about 7 to 8 seconds. Test 


records indicated that the fuel system burst diaphragm only partially 


ruptured, causing an abnormally lean mixture and reduced cooling flow; 


the motor chamber wall was burned through near the nozzle entrance. 


34. 
Attributed to inadequate welding technique subsequently remedied. 


Other than this instance, there were no significant occasions of pre- 


mature burnout, 
- 


The roll stabilization, however, gave considerable trouble. 
Its 


nature was tedious to explore snd could not have been readily understood 


had it not been for a detailed and extensive anslysis of the 28 channel 


records of the telemetry. 
As noted abwe, the first BME 48-1 test 


(Round 18) yielded no information because of a booster explosion. The 


next three Phase I tests (~ounde 19 through 21) showed that the aero- 


dynamic roll damping was smaller than had been predicted and that the 


addition of artificial damping was required, !his was accomplished by 


the installation of a roll-rate gyro by means of which a damping signal 


was fed into the aileron control circuit, beginning with Round 22. 
A t 


high angular rates its signal is sufficiently large to dominate the 


situation and cause the ailerons to deflect in the direction to stop the 


missile independent of the momentary r o l l position. 
When the r o l l rate 


is reduced to a low value, the roll position gyro regains control and 


brings the missile to the desired orientation. 


The fifth missile r o l l stabilized when commanded, so the sixth was 


fired as a Phase 2 steering control round. 
This missile (RW 23) 


showed a violent steering instability with resulting oscillations. The 


absence of any high Frequencies formed a basis upon which to change the 


circuits for another steering control round, However, before the next 


steering round was fired, it was discovered that the only explanation for 


several discrepancies in data f'rorm Round 22 was that the r o l l gyro brush 


had been grounded. The stabilization8 of Round 22 could be explained as 


entirely fortuitous, as a l l of them had occurred under conditions where 


some of the previous miseilee had roll stabilized. 


Therefore, another Phase 1 (~ound 
24) was fired to gain f'urther 


information on the performance of the roll control system with the rate- 


gyro installed. The gyro operatud satisfactorily in this test, but the 


need for more roll damping was indicated. Thir was obtained by doubling 


the rate-gyro voltage in Round 25, which wae also s Phaee lmiesile. 


Greatly Improved roll stabilization resulted, so the second Phase 2 


missile was fired as Round 26. 


Although considerably Improved over the first Phase 2 missile, in- 


stability was still present and an intensive investigation of the steering 


circuitry was undertaken. To verie the aurodynaudc and missile dynamic 


data to be applied in thiu study, Raund 27 was fired with s missile wired 


for step fin-position commandu, in contrast to utandard step acceler- 


ations, and the reeulting transients were to give the necessary infor- 


mation. Round 2'7 was not adequate for this purpose, however, because of 


motor and timer malfunctions. ~ound 28 wau then euccesefully fired for 


the same objectives. 


On the basis of theee dats and other information obtained in the 


study, the steering circuite were rederigned and Rounds 29 and 30 were 


fired after the changes. These rounds confirmed the general analysis and 


final remedy was tested in Rounds 31, 32, and 33 during My 1949 (see 


Table 4 of Appendix 5). 
The remedy conaiuted of a refinement of the ram 


pressure responsive attenustor in the servo circuit, not only in the roll 


control systembut henceforth also in the suitably changed sheping 


network of the steering order circuit.35 
. . 


35. Status Rept, 15 Dec 48, op. cit., p. 2 ff.; and "Project NIKE Status 


~eport," BTL, 15 Aug 49, p. 15 (ARGMA Tech Lib, R-~084). 


AlKE 48-2 Test Series 


I 


Another part of the 1948 lOIgE mlrrsile program cornprieed the devel- 


opment and test of the KIgE 48-2 mia8ile, a revired aerodynsmic design. 


During the lOIgE design etudies early in 1948, tradectory camputations 


indicated that, to obtain optimum range, the ef'fedtive main fin area of 


the missile ehould be reduced by one-third. 'Phi6 conclueion was applied 


in the new fin design for the I!lIKX 48-2, and in s8dition, the fin thick- 


ness was reduced from 65 to 218 to decrease & drag. ~evisions to 


provide space for larger warheads vere also made in the fuselage design, 


including an increase in length from 235 to 255 inches, changing the 


shape of the after-body from a boat-tail to 8 cylindrical shape, and 


attachment of an external tunnel fairing along the body to house 


electrical wiring and p l d a 
Four d 
m 
mleeiles of this 


configuration were fired In August and September 1948 (see Table 5, 


Appendix 5). 


During June and July, howemr, teats of a 7.546 scale model in the 


AFG supersonic wind tunnel indicated that the HIKE 48-2 poeeessed unsat- 


isfactory stability and roll characteristics. These tests resulted in 


several major configuration changes, 8uch u returning to the original 


fin area, decreasing the distance between the control fine and main fins, 


and installing four small. tunnel6 Instead of the ringle large tunnel. 


This modified version, now kn& 
ea the HlgE 484, was aesigned for 
/ 


steering and roll tests to be conducted in 1949.~' 


\ 


36. R. J. Arenz: "Estimated Aer-c 
Charscteristice of an bdeal- 


ized NlKE Type Missile," Report NO. SM-13339, 16 Aug 48 (ARGMA 
Tech Lib). 
,-- 
-- 


37. Status Rept, 15 Dec 48, op. cit., pp. 1 and 9. 
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Ancillary Activities 


System Tester. At Whippany the design and construction of the 


Analog System Tester had proceeded to the point where many of the com- 


puter components had been thoroughly bench tested. The target sirmrlstor 


part of the machine was essentially completed. When supplemented by 


parts simulating missile aerodynamics, it uas pressed into service as a 


missile trajectory computer which took over in a more versatile and 


rapid manner the sort of tasks which had been preliminarily fulfilled by 


the improvised trajectory plotter made in Santa Monica in 1947. 


Planninp; Conferences. The sixth planning conference was held at 


WSFG in Septeniber 1948 during the Phase 1 and 2 averlap. The seventh 


conference followed in M c h 1949 at Santa Monica during the recess in 


the firing program while changes were made in the missile which led to 


the successful conclusion of Phase 2 in May 1949. In these conferences 


the status of progress uas reviewed and phns were mapped out for the 


field program of Phases 3 and 4 scheduled for the winter of 1949-50, and 


for a comprehensive 490 series of firings to be scheduled for the second 


half of 1950, realizing that various improvemenis developed in the mean- 


time would require proof testing. This wuld move the complete NI53 


System Trials into 1951, which turned out to be the earliest year in 


which radar, computer, targets, and accessories could be ready for them. 38 


Composite Steering Test Program 
(June 1949 to April 1950) 


During the latter half of 1949, progress continued on all aspects of 


the project despite an austerity program which had been imposed on it. 


38. 
"Project rmXE History of Development,'' BTL, 1 Apr 54, p. 33. 


. I , 
No more missiles after the three in MBy could be flown in 1949, but six- 


I * 
teen missiles of the 484 type were prepared for *field firings which 


1 t 
actually took place between January and April 1950, They covered the 
! 
complex steering testa originally planned as Phase 4, with such vari- 


ations as were dictated by a host of cross-coupling troubles which 
t 
cropped up. 
These problems were overcane by systunatically tracking 


dam their origin fYom the elaborate telemetry records. It was during 
,. 
these test firings that predetermined pitch and yaw acceleration orders 


were transmitted to the missile fYom the ground via radar-to-missile 


communication circuit for the first time, 
The magnitude and timing of 


these commands were set up prior to the flight on a versatile time-clock 


programmer in the radar. 


Radar 


The missile tracking portion of 


been completed and thoroughly tested 


and truck to WSE in November 1949. 


the lKK3 Ground Mar System, having 


a t Whippany, was transported by a i r 


The complete radar system consisted 


of an Antenna Wailer, a Radar Control Van, a modified M2 Optical Tracker, 


and a 400-cycle Engine Generator. It was set up a t radar station s i t e C 


and connected to an existing Weatern Electric ~ 1 4 ~ 1 
plotting board. 
Check 


tests were begun in December 1949, tracking a specially assigned B-26 


target airplane which was equipped w i t h a beacon and a receiver. 
Simu- 


lated guidance commands were successfblly transmitted over the radaz-to- 


beacon channel and recorded aboard. 
For comparison, the same airplane was 


also tracked by the two high-accuracy Eastman theodolites permanently 


installed a t Dona Ana Camp and under the cognizance of the Army Field 


Forces Board No. 4. 
Reflection tracking runs of the B-26 plane were also 


made to determine its performance as a radar target. 


The monopulse radar successfull.y tracked all missiles from the 


launcher, through boost and separation, and in many cases to impact. 


Missiles fired into clouds or at night were tracked without difficulty, 


demonstrating the all-weather reliability of the guidance system, Sever- 


al missiles were controlled manually towsrd a ground target location and 


the communication syetem functioned satisfactorily down to very small 


angles of elevation .39 


Conmuter 


Having reached the stage of a frozen circuit design, the detail 


design of the KlXZ Computer and the conetruction of its components pro- 


gressed rapidly. A considerable amount of equipment had already been 


completed and was in the process of being tested as individual components. 


Work was concentrated on the construction of modulator amplifiers, 


demodulators, switching amplifiers, and on the testing and improvement of 


components. Manufacture of the data receiver and the synchro-data- 


transmission units, with their precision potentiometers and extensive 


gearing, entered the final stage with every indication of meeting, the 


stringent accuracy requirements, 


Effort was also directed toward the electrical design of associated 


test equipment, Of primsry concern here was the so-called "test bay" 


containing sufficient facilities to check overall computer operation on 


a test problem basis in the field, Additional portable equipment was 


39. "Pro~ect NIKE Status Report," BTL, 15 Feb 50, p. 19 ff; and "Project 


NIKE Status Report," BTL, 15 Aug 50, p, 25 ff. - (ARGMA Tech Lib, 
R-12085). 


to be designed for general maintenance of the computer. 40 


Missile 


An analysis of available flight test data indicated that steering 


response and roll behavior should be adequate under all significant con- 


ditions with the recently revised control circuits providing ample 


damping. New IBM Fourier techniques were developed to compute the tran- 


sientbehavior of the missile in acceleration controlled test flights. 


These calculations and the flight test success to date created sufficient 


confidence for the planned Phase 3 seriee of tests to be skipped and the 


limited nuher of test missiles better exploited. Good agreement of 


flight test stability measurements with wind-tunnel observations was 


secured. Despite the stability-maneuverability dilemma brought on by the 


I mon-linear moment characteristic in the transition from small to large 


angle of attack, an acceptable compromise was sought and eventually found 


by shifting the center of gravity farther aft in the missile. 


Several changes were made in the missile. The interior equipment 


was repackaged for better accessibility and space utilization; the three 


oil accumulators were manifolded to insure that all control components 


would remain operative together; and same e w e s were made in the telem- 


etry system to adopt more shockproof and more linear transducers, improved 


sampling commutators, and finer ram pressure gauges. The ram pressure 


h 


probe was embodied in a new nose spike-type telemetry antenna. Wind- 


tunnel tests trying out ailerons Kith various types of aerodynamic balance 


features designed to reduce the hinge moments and thus to conserve oil, 


led to a compromise solution for the simple trailing edge aileron 


b. Status Rept, 15 Feb 50, op. cit., pp. 1 and 22. 


configuration. To provide some of the ballast needed on non-warhead 


missiles, the main fins were machined from solid aluminum alloy. 


In an effort to avoid premature motor stalling when transverse or 


negative accelerations cause propellant liquid to surge or slosh and 


uncover the tank outlets, several designs of conical internal hoppers 


and flexible bladders, which would keep the outlets covered until all 


fuel was exhausted, were developed and tried under laboratory and test 


stand conditions. The answer to the minimization of eccentric thrust was 


eventually found in rigorous control of nozzle manufacture and alignment. 


The only other change introduced in the power plant structure was in the 


tank configuration. The propellant and air tanlrs were made into an 


integral unit. 


Launcher 


Many improvements and additions were made to the launching equipect, 


including an experimental, extremely light, portable monorail launcher. 


Although the original monorail launcher weighed only 5,000 pounds, an 


effort was made to develop one that would be extremely light so that it 


could be readily transported by air and assembled by manpower alone. Such 


a launcher was actually built. By virtue of efficient design and eeen- 


sive use of aluminum alloy, the overall weight, excluding ballast boxes, 


was reduced to 2,050 pounds. A demonstration proved that the components 


could be satisfactorily handled by an eight-man crew, requiring less than 


ten minutes to unload and assemble the launcher. However, the lightweight 


model was considerably more expensive than the standard model; it was 


stored after having been used for only a few test firings. 41 


41. R o j AME History, BTL, op. cit., pp. 36-37. 


EIIE 4-84 Test Program 


Although the NIKE 4-84 field tests were primarily intended to demon- 


strate missile behavior under severe and canplex pitch and yaw command 


conditions, they served a number of secondary purposes dictated partly 


by necessity, partly by opportunity. They did indeed demonstrate Ir3IXE 


to be a true guided missile, remotely controllable fran the ground, thus 


proving the corneaand guidance link of the missile-tracking radar with the 


beacon and order transmission links over the monopulse radar beam. The 


sixteen missiles gave further proof of the suitability of the present 


configuration, components, structure, and methods of construction. Sever- 


al variations were introduced which indicated the feasibility and desir- 


ability of moving the center of gravity closer to the center of pressure, 


and of starting the sustaining motor after booster separation.42 
A 


detailed outline of test results is given in Table 6 of Appendix 5. 


In general, roll stabilization of the missiles was very good and at 


times excellent. Telemetering records and radar tracking indicated that 


the missile received and accurately executed all C-s. 
But these 


results were not accomplished without incidents and problems. For 


instance, it was found that first order dynamic structural bending 


vibrations of the missile body at about 20 cycles per second (cps) were 


being sensed by the control acceleraneters and rate gyros, thus 


catastrophically upsetting the response of the missile to control orders. 


This trouble was finally eliminated by relocating the accelerometers 


closer to a node and inserting attenuation at 20 cps in the rate gyro 


k2. In previous firings, it was necessary to start missile motor during 
first half-second after launching. 


circuit. Another unforeseen problem was encountered with some of the 


controlvalves, which functioned erratically and caused some intermittent 


control discontinuities. Several circuit changes and the establishment 


of proper oil cleanliness procedures were necessary to eliminate this 


difficulty. 


In four of the last five rounds, the low-power klystron beacon WES 


replaced by a new, more powerful magnetron beacon with gratiwing results. 


Round 43 was deliberately guided through the transonic phase and for a 


considerable time in the subsonic regime with satisfactory response in 


pitch and yaw, 


Several rounds were launched from the new portable lightweight mono- 


rail launcher which gave excellent service. Launch, boost, and separation 


from the single booster were successful in all cases. One round carried 


a new angle of attack meter which provided aerodynamic stability data 


confirming wind-tunnel measurements. Designed to give an accurate measure- 


ment in subsonic, as well as supersonic flight, the new instrument WES 


developed by DAC, in conjunction with G. M. Giannini & Company. It 


telemeters the angles of pitch and yaw. 


The 484 field tests proved that the prototype design WES satisfactory 


and that it could be scaled darn by a third without Impairing its a r ~ a q , 


This change favorably increased the frequency response and was therefore 


incorporated in a subsequent mudel which was carried by many of the NIX3 


490 series missiles. 43 


Planning Conference 


The eighth planning conference, held at WSPG late in March 1950, 


43. R o j N 
m 
History, BTL, op. cit., pp. 38-39; and Status Rept, 15 Aug 


50, op. eit., p. 7 ff. 


concerned itself, first, with a digest of flight test results as far as 


they had accrued; and second, it considered conclusions and recommen- 


dations for the next phase of the test program. The then remaining six 


484 missiles were to bracket all parameter ranges and insure .proof of 


proper roll and steering control at high altitudes and low dynamic 


pressures or wherever else it may be critical, Of the next series of 


missiles to be produced-and 
designated as M e 1 490-another batch of at 


least sixteen was to be assigned to a precise performance test program iri 


1950 before embarking upon the official rrmCE system trials in 1951. A l l 


of these tests had to be scheduled and interspersed with the activities 


required on behalf of the development of the tactical .version KKfl I. 44 


Performaace Test Period 
(May 1950 to July 1951) 


This stage of the rmXE develepment program was divided into two m>s? 


periods-one devoted to construction and preparation, followed by the 


first part of planned p e r f o m c e tests in the last three months of 1950. 


Ten of the assigned sixteen missiles had been expended when performace 


tests were interrupted by uneqected troubles. Following the eliminat.im 


of trouble sources, the test activities were resumed, with the next six 


rounds being fired between April and July 1951, 


Radar 


Early in 1951, the radar, which had given generally satisfactory 


service as a missile tracking and steering order transmitter since its 


installation, was subjected to several improvements and refinements pre- 


paratory to the system tests. The single motor drive for elevation of 


'64. 
Proj NIKE History, BTL, op. cit., p. 40. 
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the antenna mount, which was found to be marginal, was replaced by a dual 


motor drive. Extensive laboratory and enviromnental'tests had been con- 


ducted at Whippany to improve the electrical boresight stability of the 


angle error detectors and the adJustment stability of the automatic gain 


control circuits. As a result of these tests, better circuits and 


components were developed and installed in the radar at WSFG. Another 


innovation was a monitoring and test unit, which made it possible for an 


operator to check, in less than a minute, all the adjustments of the order 


communication circuits on a built-in oscilloscope. All of these changes 


improved radar performance. The coded pulse system, which was introduced 


to eliminate radar-missile command interference, functioned perfectly. 


During the first tests at WSFG, a very accurate method for bore- 


sighting the radars was developed. 
(This method was carried throu@ to 


the tactical IVTKE I System.) A smnl7 waveguide horn was mounted on top 


of a 60-foot pole located about 600 feet from the radar antenna. A s m i l 


X-band rapid-fading (RF) test source, under remote control of the radar, 


provided RF pover to this horn by means of a waveguide running up the 


pole. Snvhl optical targets were also located on top of the mast on eaeb 


side of the RF horn by the same parallax distance as the optical telescope 


on the radar was located from the electrical center of the antenna. Wl%h 


this equipment and a special technique of "dumping" the antenna +& 


eliminate the effect of any ground reflections, it became possible to 


boresight the radar electrical axis to the optical telescope to an accu- 


racy of about 0.05 mil. From this point on, the optical telescope was 


used as the reference in the system tests when both missile and target 


radars had to be boresighted with respect to each other. 


To show the accuracy of reflection tracking, a number of boresight 


and instrument films were taken with an improvised installation of syn- 


chronized cameras to record data from the radar and the computer. The 


effort was frustrated by various malfunctions, so a new and more 


elaborate camera system had to be developed for the system tests. 


A second radar, for target tracking, was under constmction at 


Whippany. In general, this radar was similar to the missile radar, ex- 


cept for the omission of missile steering order equipment and certain 


mechanical and electrical improvements. All the improvements and refine- 


ments of the missile radar were built into the target radar. 


Computer 


Meanwhile, the construction and testing of the NME camputer 


ccmponents had been completed, along with the assenibly and wiring of the 


entire computer. Preparatory to shipment to White Sands for use in 1951 


system tests, the ec-arrputer was put through the preliminary stages of 


qualitative tests on the system tester. 


A second computer, to be retained for use in the laboratory system 


tester, was in the final wiring and preliminsry testing stage. The test 


bays, to be associated with both camputers for checking purposes, were in 


process of construction. 45 


Missile 


Based on observations made during the previous (484) test series, a 


number of changes were introduced in the missile structure, which became 


45. Proj NIKE History, BTL, op. cit., pp. 41-42; Status Rept, 15 Aug 50, 
op. cit., p. 25 ff; "Project NIKE Progress Report," BTL, 1 Mar 51, 
p. 7 ff. (ARGMA Tech Lib, R-12160); and "Project NIKE Progress Report" 
BTL, 1 Jun 51, p. 9 ff. (ARGMA Tech Lib, R-12059). 


identified as the 490 family. Some of the innwations were pro~npted by 


the desire to improve performance and facilitate production, while others 


were intended to eliminate difficulties previously experienced. The most 


important of these changes are briefly described below. 


The sustainer motor was started after separation to 
provide increased range and to simplify and lighten 
the booster-missile support sleeve. 


The center of gravity of the mislsile was placed closer 
to the dyr.mxlc balance point (or center of 
to hprove aerodynamic response (or supersonic maneuver 
capabilities). 


Beacon antennas for reception and transmission were 
separated to simplify waveguide components. 


Electronic components were repackaged to provide 
greater ease of adjustment. 


Manufacturing tolerances on the hydraulic control 
valves were eased to facilitate production. 


A new type of composite fin construction was used to 
facilitate production, save fifty pounds in weight, and 
give a smaller moment of inertia. 


Two of the test missiles were equipped with experimental 
bladder-type propellant tanks, in an effort to obtain 
continuous and complete expulsion of liquid fuels. 


Sixteen of these modified missiles, designated as the 490~ 
series, 


were scheduled to be launched during the fall of 1950. The purpose of 


these firings was to test the efficacy of the abwe listed changes, and 


to insure that the 490 missile could respond accurately to steering 


orders in preparation for system tests at WSFG in the fall of 1951. 


In general, the changes noted in items 1 through 4, above, gave very 


satisfactory results. The other changes, however, resulted in difficul- 


ties. While the delayed starting of the sustainer motor (item 1) was 


satisfactory for all intents and purposes of the test, it added the 


complication of short motor burning time. This early burnout-noted in 


all but one of the first ten firings-was attributed to the bursting of 


propellant (acid line) diaphragms during boost acceleration and the con- 


sequent loss of olddizer (acid) prior to motor ignition. The two flight 


tests conducted with the bladder-type propellant tanlrs (item 7) were 


unsuccessful because of sealing difficulties (oxidizer bladder unable to 


withstand negative accelerations at the end of boost). 
This approach was 


abandoned in favor of a fixed hopper-type tank structure which worked 


satisfactorily in later firings. Early in the program, it became appar- 


ent that the other two changes introduced in the 490~ 
missile were 


causing a recurrence of certain roll and steering oscillations which had 


been eliminated during the 484 test series. Specifically, the change in 


the hydraulic control valves (item 5) gave a persistent 2-cps oscillation 


in the steering circuits; and the decreased moment of inertia (item 6) 


resulted in loose roll control which network changes failed to eliminate 


completely. While these oscillations did not significantly impair the 


missile control, they seemed to be wasteful of hydraulic oil and they 


prevented the gathering of clear-cut aerodynamic performance data. 


m e n though the objectives of the 1950 firing program had not been 


fully achieved, the program was discontinued with the firing of the tenth 


missile (Round 59) in December 1950, so that the information already 


available could be studied in more detail and necessary modifications 


accomplished. The ten missiles fired in the fall program exhibited satis- 


factory launch, boost, separation, and motor ignition. With a few minor 


exceptions, the radar tracking and cdmm~~nd 
link 
in a very 


satisfactory manner. Detailed results of these ten firings are given in 


I 


Table 7 of Appendix 5. 46 


The first three months of 1951were devoted to the elimination of 


trouble sources and modification of the remaining six 490A missiles, 


which were to be launched as a paxt of the Spring Supplementary Firing 


Program. The hydraulic valves were thoroughly tested and then redesigned, 


reducing the valve plunger port overlap ratio as much as possible and 


thus reducing the non-linearity of valve characteristics. Changes were 


also made in the electrical network to increase the gain margin at large 


phase angles. Wraulic fin locks for the launching period did not per- 


form any more positively than zero g steering orders and were therefore 


discarded after the fall tests in favor of the latter method. The roll 


control circuitry was changed to make the servo gain a function of 


dynamic pressure and thus tighten up the control to overcome troubles 


attributed to the nmnll roll moment of inertia. To prevent loss of 


oxidizer during boost and thus insure normal motor burning time, a new 


propellant control valve, with inter-linked burst diaphra~pns, was devel- 


oped for the acid-aniline motors. As an alternative, three of the six 


NlXE 490A missiles were equipped with experimental acid-gasoline power 


plants.47 
Some of the supplementary test rounds were also equipped with 


arming devices and f'uzes, the proper function of which was demonstrated 


by telemetry and by detonation of an explosive spotting charge. These 


anaing devices, designated as Type T93, had been developed by Frankford 


Arsenal and tested in the laboratory. The spotting charge was designed 


46. NlXl3ProgressRept, 1Mar.51, op. cit., pp. 3-4, 9, and13. 
47. Uncooled engines burning JP-3 Jet aircraft f'uel instead of aniline. 
(Two of the three missiles were converted back to acid-aniline 
motors after one unsuccessful firing). 


to supply a burst indication for those system test missiles which were 


not to carry live warheads. It consisted essentially of a smoke-producing 


explosive contained in a tube which extended across the center warhead 


compartment. Both ends of the charge were ignited simultaneously to give 


a visible smoke puff and thus simulate a warhead burst. 48 


The MIKE 49OA Supplementary Firing Program (~ounds 60 through 65) 


began on 12 April 1951 and continued intermittently through 14 July 1951. 


It was primarily designed to prove the various remedies noted above, with 


secondary objectives of testing alternatives and accessories, preparatory 


to the first R&D system tests in October 1951. These field tests were 


very disappointing, to say the least. Test objectives were successfully 


achieved in only two of the rounds; the other four were marred by com- 


ponent failures, chiefly in the control system. A brief account of these 


field tests is given below. o or further details, see Table 8 of Appendix 


5.) 


The first two rounds (60 and 61) were fired primarily to test the 


effectiveness of modifications made in the acid-aniline parer plan+, sys- 


tem to insure f'ull duration of motor burning. Secondary objectives were 


to test the Frankford arming device and spotting charge. Both rounds 


made satisfactory flights. Burning times were normal and there was no 
! 
indication of propellant loss during boost. The Frankford arming devices 


and spotting charges operated satisfactorily. 49 


Round 62 was flown with the control system fully operable to demon- 


strate revisions made in the control network, and to test the acid-aniline 


48. 
Progress Rept, 1 Mar 51, op. cit., pp. 9 thru 14. 
49. Progress Rept, 1 Jun 51, op. cit., pp. 3-4. 


power plant system under maneuvering conditions. A high frequency 


oscillation in the pitch and yaw steering channels caused the malfunction 


of this round. Except for some sporadic burning just before burnout, the 


missile motor continued to operate satisfactorily during the oscillations. 


The primary objective of Round 63 was to test the new acid-gasoline 


parer plant system in flight. It was frustrated by an explosion during 


the starting phase. No repetition of this experiment could be scheduled 


during the R&D Program; however, the obvious advantages of a missile 


motor burning a fuel that would be readily available almost aqmhere 


remained as an incentive. 


Rounds 64 and 65 were flown to test further revisions in the control 


network, as well as changes made in the acid-aniline power plant system 


to correct hard start conditions noted in earlier rounds. In Round 64, a 


malfunction occurred before separation (missile lost propellants and had 


sporadic motor burning during boost), resulting in erroneous command 


acceleration levels. In Round 65, the booster and power plant operation 


was normal during launch phase; however, a malflmction occurred in the 


missile at take-off, causing an unbalance of the control signal. Diffi- 


culties experienced in both of these rounds were attributed to component 


failures in the control ~ ~ s t e m . 5 ~ 


The component development and proof test phase of the NIKE project 


was scheduled to end w i t h the last 490~ 
missile firing (Round 65) in July 


1951, and demonstration of the complete R&D System was to begin with the 


firing of Round 66 (490~ 
series) in October 1951. However, the latter 


50. "Project NIKE Progress Reportw, BTL, 1 Sep 51, pp. 3-4 and 17 


(ARGMA Tech Lib, R-12060). 


4 9 0 ~ test results clearly showed that complete reliability of a l l con- 


t r o l system components still had not been achieved, and that further 


modifications and supplementary field tests would be required in order 


to preclude the recurrence of malfunctions during R&D System firings 


against drone targets. 
The neceesary control circuit modifications were 


later completed and successfully teeted in Round 66 on 36 October 1951. 


The NlKE Missile was now ready for the supreme test-firing 
against 


drone aircraft. 
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(9) IV. DESCRIETIOM OF THE kSME R&D TEST SYSTEM 


Introduction 


With the successful firing of Round 66 in October 1951 to prove the 


latest control system changes, the MIKE R&D System was prepared for com- 


plete system tests t o begin in Noveniber. 
This chapter describes the NIKE 


System in the state in which it was subjected to the official system tests 


which marked the end of the R&D phase of the project. 
The tests them- 


selves are summarized in the next chapter. 
For purposes of this chapter, 


it w i l l suffice to mention that these system tests comprised the firing 


of 23 missiles Launched under radar control-three 
against a ground target, 


a l l othernagsinst QB-17 drones in flight. 
Of the 23 missiles, five carried 


real warheads and the other eighteen merely pyrotechnic token charges. 


Terminating with Round 92 in April 1952, these tests dramatically demon- 


strated that the NIKE did indeed offer an inmediately practicable solution 


to the problem of defense against high flying invading aircraft. 


A s the name implies, the R&D System was designed for test purposes, 


with provision for instrumentation and observation wherever possible; it 


was neither a quantity production design nor a fully tactical equipment. 


he Latter objective was the goal of the NIKE I version, which was 


getting under way while the R&D phase was still in its final stages. ) Har 


the R&D Test System was developed from the drawing board conception has 


been related in chronological sections of the foregoing chapter. It now 


remains t o describe in greater coherence the major system components which 


were actually used in system tests during 1951-52. 
A good place t o begin 


i s with the physical vehicle itself. 


The Missile 


Like sll other components of the XlXE systcPI, the design develop- 


ment of the missile and booster had been merned by the general 


philosophy of staying as close as possible to established techniques 


without departing from the original AAGM Report concept any more than 


forced by practical necessities. Of course, advantage was taken of the 


advances made in rocketry during the R&D period of the NIKE project, - 


particularly in the direction of achieving reliability. While numerous 


refinements were developed in the course of the project and various 


alternatives were erplored in the process, it is remarkable how many of 


the general features of the originsl proposal were actually retained. 


The most outstanding improvements concerned the booster which was dras- 


tically simplified; the shape of the fins to i m p w e performance, 


stability, and controllability; and the warhe* whose lethality was 


increased. Even with sll these advsnces, the size and weight of the 


missile had gram but little. How the missile design 
thus evolved 


from original concept through various experimental stages to the actual 


test vehicle is slmrmsrized in Appendix 6 and illustrated in sgure 12. 


I 
The missile-booster coeiblnation adopted for system tests is shown 


I 
. 
in F'lgure 13 (page 84). The was the so-called 490 design 1 and was 


1 
identical to that of the -missiles launched during performance tests 
.. 


I 
i 
(May 1950 to July 1951). The Government-furnished booster employed a 


1 ' 
solid propellant motor delivering about 49,000 pounds of thrust. The 


I 


1 7 . 
booster gross weight was about 1,560 pounds. The boost phase lasted 


- 


1. R&D missile designs were identified by threewgit numbers, the 
first two of which referred to-the year the design was initiated. 
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Figure 12. Evolution of the rmXE Missile to System Test S 


about three seconds, at the end 


of which the booster separated 


from the missile. The sustain 


phase was implemented by a 


liquid fuel motor of 3,100 


pounds (lbs) vacuum thrust with 


a burning time of about 71 sec- 


onds. The overall gross weight 


of the missile was 1,ll5 pounds, 


of which 300 lbs. comprised the 


propellant in the form of 


aniline-furfuryl alcohol as fuel, 


and red fuming nitric acid as 


oxidizer. This motor and the 


Figure 13. PIIiCE 490 lfissile Erected in associated tankage are shown 
Single-Rail Launcher for Firing at WSFG 


in the cutaway view of the 490 


missile at the bottom of Figure 12. 


The design of the 490 missile airframe sham in Figure 12 was 


dictated by considerations of Srag, lift, and control. The requirement 


of low drag resulted in a slender missile of 20-to-1 fineness ratio 


and in a carefully streamlined ogival nose. The aerodynamic shaping 


of the nose was made possible by the fact that no data-gathering equlp- 


ment need be carried in the missile for a command-type of system. The 


size of the wings wss dictated by the 5g maneuver requirement and 


their shape by a proper compraaise between lift efficiency and good 


drag characteristics. The small receiving and transmitting antennas 


shown aft of the control fins were likewise carefully streamlined for 


low drag. The missile was of a "canard" configuration with two pairs of 


delta-shape steering fins forward and with roll control effected by two 


pairs of trailing-edge ailerons on the main fine. 


The missile was roll-stabilized so that the computer could know the 


complete orientation of the missile in space. This required the use in 


the missile of a free-free gyro whoee orientation was set shortly prior 


to launch. Stabilization was accomplished through a hydraulic keno 


system with this gyro as a control element. Stabilization in roll was 


initiated shortly after separation of the missile k o m the booster. 


Hydraulic servo systems were used to actuate the forward steering 


fins. The acceleration orders transmitted to the missile from the 


ground were matched to the actual missile acceleration by means of 


accelerometers appropriately placed in the missile itself. Difficult 


design problems were experienced with the roll control and steering 


f'unctions because of the wide range of altitudes and velocities over 


which these functions had to be performed. Early accuracy studies in- 


dicated that fast response times were required for good "end game play'' 


(response to acceleration orders Just prior to intercept). To achieve 


such response times uniformly over the wide range of flight conditions 


referred to, the gains of the servo control loops had to be varied 


accordingly. This, in turn, introduced serious problems in stability 


of these loops. An intensive study of these problems led to very satis- 


factory solutions which involved the introduction of pressure pickups, 


rate and fin feedbacks, and carefully designed shaping networks in the 


servo loop. 


Because of the command nature of the guidance, only a minimum 


amount of electronic equipment needed to be carried aboard, Part of 


this equipment was required for receiving and decoding the acceleration 


orders transmitted to the missile From the grouah; some electronic 


equipment was associated with the amplifiers in the control systems 


discussed above, ~ n a i l y , a transponder was found necessary to assure 


firm radar tracking through the boost and turn-over phase of the tra- 


jectory and at extreme ranges where skin tracking would provide only a 


marginal signal. 


Booster 


Early theoretical perfonasnce estimates had shown that the NIKE 


Missile should best start its self-sustained flight at an initial ve- 


locity of 1,700 feet per second attainable under the impulse of a fast- 


burning solid propellant booster rocket system designed to separate from 


the missile at the end of boost by its am drag. Solid propellant 


rockets were obviously advantageous for their structural simplicity and 


aptability . 


So long as no single rocket of adequate size was available, smaller 


rockets had to be conibined in cluster m a y s , as had already been pro- 


posed in the AAGM Report,. After extensive experimentation during the R&D 


7 


period, the problems of achieving simultaneous ignition and thrust 


I \ 


I .' 
cessation, as well as clean separation of four rockets mounted in a 


1 


I 
cluster structure, were eventually solved. In the meantime, however, a 


I i 
solid fuel rocket-the Allegany T-39-3Ds-4700O-large enough to serve as 


a single booster for NIKE, became available in 1947. . It 
' had many 


advantages over the Aerojet cluster-- 
booster, in that it weighed less, 


it was easier to assemble, store, handle, and load, and it was smokeless 


and reliable. During the period June 1948 to May 1949, both the cluster 


and single boosters were flight tested in the NlXE field test program at 


USE. Beginning with the 484 test series in January 1950, the cluster 


booster was dropped in favor of the single-type booster which was later 


standardized and accept& for the system teste. The evolution of the 


booster to the system test stage is illustrated in Figure 14. 


Warhead 


The last major component of the missile to be discussed here is the 


warhead and its associated equipment. The NME warhead was changed per- 


haps more radicaUy from its original conception in the AAGM Report than 


any other system component. The original warhead, which was to weigh 


200 pounds, was meant to produce a slowly-expanding uniform disk of 


shrapnel, traveling along its axis with the velocity of the missile at 


detonation. Although models of this type of warhead tested by BRL per- 


formed satisfactorily, it was abandoned early in the program for three 


reasons. First, it would have been necessary to* burst the shrapnel 


warhead well in advance of intercept, conducive to serious fragment 


drag and slow-dm; second, the system was ill-adapted to an overtaking 


attack; and finally, new information suggested that small fast fragments 


possessed lethality advantages over the larger slower shrapnel. 


Consequently, an analytic investigation, begun already in 194-6, was 


pursued to determine the optimum values of those relevant parameters 


that were under design control. From this and related calculations, it 


appeared that an essentially spherical pattern of thirty-grain fragments 


impelled with a static detonation velocity of 7,000 feet per second would 
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be nearly optimum. A total weight of 312 pounds was eventually adopted 


as a better compromise since system effectiveness seemed to increase 


rapidly with warhead weight up to about this value. To produce adequate 


fore and aft spray with a warhead in a single piece was recognized as 


extremely difficult, Therefore, three separate bombs were chosen-one 


smaller forward-firing bomb weighing twelve pounds to cover the nose 


sector and two identical barrel-shaped bombs weighing 150 pounds, each 


to cover 55O fore and aft of the beam (see Figure 15). 
On the basis of 


an extensive design and test program conducted by BRL, bombs meeting 


these specifications were actually produced under the cognizance of 


Picatinny Arsenal. 


A l l three warheads were detonated simultaneously upon command from 


the ground through a primacord harness running the length of the missile 


and branching off at the warhead sections, as shown in Figure 15. For 


t 
- 
? 
~igure 
15. Warhead System 


reasons of safety, a provision was made to destroy the missile in the 


event that radar tracking was lost or purposely terminated. This was 


accomplished by a separate signal circuit in the guidance section which 


is autormatically triggered by the absence of radar pulses for a pre- 


scribed length of time. The safety and arming device, designed and 


manufaclxired by Frankford Arsenal, became knam as the T-93 Arming 


Mechanism. 


Only five of the system test missiles (491 model) were equipped 


with high explosive, live warheads. On the other rounds (490 model) a 


spotting or token charge was carrLed instead of the warhead in order to 


mark the space poi~~t 
where a warhead would have detonated. 


Launching Equipment 


Associated with the missile at the launching site is a certain 


amount of auxiliary equipment in the way of launcher, loading facili- 


ties, and pre-flight checkout. The nature of the launcher used with 


the 490 missile in system tests is sham in Figure 13. The evolution 


of the launcher to the system test stage is illustrated in Figure 16. 


All equipment for the system tests was experimental and preceded 


the design-and development of the corresponding lVIKE I tactical units. 


b 


Ground-Guidance Installation 


The above is a brief description of the vehicle and its associated 


gear. The succeeding portions of this discussion are concerned with 


components of the ground guidance installation; namely, the radar and 


the computer. 


The radar is the intelligence apparatus of the NIKE system. At 
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Figure 16. hrolution of the Launcher t o System Test Stage 


the outset, it was evident that the accuracy requirements imposed on 


the tracking radar were so stringent as to require an intensive radar 


development program. Since the accuracy of the standard lobing radars 


developed during the last war were limited by rapid pulse-to-pulse 


fading, it was decided to go to a system which could provide an 


independent measurement of angular error on each pulse. The success- 


ful development of the monopulse tracking radar system for NTKE 


represents one of the major contributions of the project to the fire 


control art. 


The two tracking radars which resulted from this development 


program are shown in Figure 17, installed at "C" Station, WSPG. 
The 


missile tracking radar is in the foreground; the target tracking radar 


in back. In the end of the building behind the missile radar is the 


computer. The antennas on the roof were used for safety tracking. 


. - 


Figure 17. " C" Station Installations at !.7SPG 


The target and missile radars are almost identical except for the fact 


that the missile radar includes the communication circuits for properly 


modulating the pulse train in accordance with the order signals from the 


computer. A close-up view of the missile radar is shown in Figure 18. 


The intelligence is conveyed to the missile via the missile radar beam 


by frequency modulation of the pulse repetition rate of the same train 


of pulses which is used to provide angular and range data on the missile 


position. 
(8 -om a logistic and tactical point of view, it was found simpler to 


site the two tracking radars separately. It was therefore necessary 


that the two radar mounts be leveled and the radar beams boresighted 


with good precision. The requirements on boresight and on tracking 


accuracy led to the design of precision mounts for the radars and the 


installation of associated optical equipment for purposes of easy and 


accurate boresight adjustment. The high accuracy requirement led also 


to the demand for a highly precise data-transmission system to carry the 


tracking information from the radar antenna mounts and range unit to the 


computer. The data transmission developed for this purpose was accurate 


to 0.1 of a mil in angle and to one yard in range. 
p) The two radars shown in Figure 17 were experimental models devel- 


oped for system tests, but were actually close in performance to the 


later tactical models. ~ h e s = 
NIKE radars probably represent the most 


accurate radar tracking devices ever developed. 


Computer 


The final system component to be dishussed is the computer itself. 


The three major elements of the NlKE system-the missile, the tracking 


Figure 18. Close-up View of Missile Radar Seen froan "C" Station, WSPG. 


radars, and the computer-comprise what is known as a closed-loop con- 


trol system. The basic purpose of the computer is to determine, from 


radar-derived target and missile position data, information required to 


guide the missile so as to intercept the target and to initiate a burst 


order at.the.most lethal instant. It operates to control the missile, 


bending its flight path from the nearly vertical launch onto a ballistic 


trajectory through the predicted intercept point; thereafter correcting 


the missile's flight whenever it deviates or when the continuously 


> 


recomputed intercept point is displaced for any reason. These functions 


are divided ilito' four main phases-Be-Flight or Be-hunch Computation, 


the Turn Phase, the Steering Phase, and the Burst Computation. The full 


scope of computer operation can best be described in terms of a typical 


NIKE engagement. 


In Figure 19, a schexuatic picture of the rmKE R&D System is shown. 


A target tracking radar has, for some minutes, been tracking a designated 


target and furnishing information to the computer on the ground. Bior 


to the launching of the missile (Be-Iaunch Phase), the computer uses 


the known missile ballistics and the target inf&mation transmitted to 


it by the target-tracking radar to compute a tentative predicted point 


of intercept (ppi). This procedure is similar to that employed in an 


antiaircraft gun dire~tor.~ 
The predicted intercept point, together 


with other informstion obtained in its computation, is used for two 


2. 
The main difference is that the accuracy of the gun director depends 
directly on the accuracy of its ppi computation; whereas, in the l'?IKE 
system, the pre-flight computation of ppi can afford to be relatively 
rough. Since the guided missile is controlled after launch, and 
therefore moderate errors in pre-launch intercept point may be cor- 
rected during flight, the accuracy required in this computation is 
considerably less than in the case of the gun fire director. 
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Figure 19. 
System Operation Wases-be-Launch, 
Turn, Steering, and Burst. 


purposes. First, it provides the tactical control officer with infor- 


mation which will allow him to evaluate target threat and to assign 


missiles to targets intelligently; second, it provides information where- 


by a tentative plane of action can be determined for positioning the 


free-free gyro in the missile. The target's present position and the 


ppi are continuously displayed on plan and vertical plane plotting boards 


as an aid to the control officer in determining a suitable time to 


initiate the fire order.' 
The time required to initiate this computation 


after target acquisition is small (about five seconds). 
Once a missile 


is designated, its gyro is continuously positioned as a function of the 


computer's most recent information on the predicted plane of action. Con- 


sequently, the designated missile is in a continual state of readiness, 


and its gyro axis is frozen only upon the initiation of the fire or2er. 


This condition corresponds to the Pre-Launch Phase illustrated in upper 


left block of Figure 19. 


Once the fire order has been issued and the missile has been 


launched, the turn phase begins, as sham In the lower left portion of 


the figure. Immediately after the missile and booster have separated a d 


after roll-stabilization has taken place (about five seconds total after 


launch), the computer issues a hardwer turn order in the general 


direction of the predicted point of intercept. This order is maintained 


until the computer observes that the missile is on a ballistic trajectory 


through the ppi. Throughout the turn phase, the ppi is being 


continuously recomputed to make the missile heading at release as 


3. 
After launch the same boards plot the target and missile present po- 
sitions, thus giving a complete record of target and missile flight 
paths during the engagement (see plotting boards and computer in 
Figure 20). 


accurate as possible. When this moment arrives, the turn order is 


removed and the turn phase thus brought to an end. 


The job of the computer in the Steering Phase (upper right block 


of Figure 19) is twofold: first, to compute increasingly refined ver- 


sions of the ppi; and second, 9 issue orders to the miasile which will 
, 


bring it to this point at the termination of the flight. It continues 


to compute correction orders made neceseary by the fact that the ppi may 


change either because of the increasing accuracy of the prediction pro- 


cesses, or because the target may have maneuvered. The coquter orders, 


as received in the missile via the radar tracking beam, must correspond 


with the missile's pitch and yaw planes. Consequently, the computer must 


at all times know the orientation of these planes. Thie knowledge it, in 


fact, possesses because it knows the heading of the missile and the 


nature of the constraints imposed by the roll-stabilization system. 


Computer orders are sent in the form of accelerations which the missile 


then proceeds to obey. 
(0 
Before turning to the final phase of computer operation, a brief 


word is in order on the nature of system performance during the last few 


seconds of steering. The guidance system described so far is known as 


a closed loop system-a highly complex servo loop, the last link of which 


is generally referred to as the "end game" (the last few seconds before 


intercept). At this point, precisian accuracy of the guidance system is 


extremely important, for it could mean the difference betmen a hit or 


a miss, success or failure. Associated with any servo loop of this type 


is a "gain" which is under the desi@erls control and which measures in 


some sense the violence of the systemls response to disturbances. These 


,v disturbmces are, in the present case, occasioned by changes in the 


predicted point of intercept. In turn, they may be legitimate distur- 


bances incident on target maneuver, or they may be spurious disturbances 


caused by the presence of noise in the input data. Accordingly, there 


is the classical smoothing problem of suppressing the noise without at 


the same time suppressing the knowledge of legitimate disturbances due 


to target maneuver. It is possible to smooth the noise very heavily in 


the early portions of the flight, since there remains a great deal of 


time and adequate maneuverability margin to counter any maneuvers on the 


part of the target. This smoothing is highly desirable because over- 


scrupulous attention to noise results in a series of small maneuver 


oscillations of the missile which, in turn, exact a heavy penalty in 


induced drag. During the "end game" a heavy maneuver on the part of the 


target can tax the system severely, and could, in fact, defeat the system 


entirely should it not be immediately recognized and cuuntered. During 


this phase, heavy moothing of noise is not possible, since this would 


tend to obscure the presence of target maneuver. To provide optimum 


balance between the effects of noise and those of maneuver, a system of 


data smoothing is used. In this system, optimum smoothingp as well as 


servo "gain," is appropriately varied as a f'unction of time-to-intercept. 
#) Finally, at the appropriate time before intercept, the computer 


issues a burst order to the missile (see Burst Phase, Figure 19). The 


computer has stored in it information which would allow the choice of 


burst point to be made on the basis of many different variables, such as 


time-to-intercept, missile velocity, relative aspect of the missile and 


target, etc. An early study, however, indicated that a satisfactory 


@ solution to the choice of 


time-to-intercept alone. 


burst point could be made on the basis of 


While a burst point at zero time-to-intercept 


would prove very satisfactory, it was found that a slight "bias," 


specifically a burst ten milliseconds before zero time-to-intercept, 
4 
had definite advantages in system lethality. 
But in order to assure 


that the warhead in fact detonates at the chosen point in space, the 


computer must take into account various system delays and must issue 


the burst order somewhat in advance for the physical burst to occur at 


the desired instant. These various delays are all small and quite 


constant. The command burst plan for system tests had associated with 


it a flexibility permitting easy adaptation to any new type of warhead 


which might be used in the WIKE system. 


Figure 20. Computer Room at "C" Station, WSR; 


4. 
On the average, it is desirable to have the target and the lethal 
(warhead) fr-ents 
run into each other, as happens when the burst 
occurs in front of the target, rather than with opposing velocities, 
as occurs when burst takes place behind the target. 


So far, the computer has been discussed only in tenns of its 


functions. In Figure 20, the physical device itself is shown installed 


at "C" Station, WSFG, for system tests. The project commander's posi- 


tion is between the plotting boards at the right; the guidance officer's 


position is at the left. The cabinets in front of the computer house 


cameras for photographing the dials. When considering the complexity 


of its many f'unctions, the size of the computer was remarkably small 


(although the later tactical version was considerably more reduced in 


5 
size). 


Planning for System Tests 


Over a year before the preliminary field test program ended, the 


T 


Planning Conference recognized the need for a study on the nature, 


extent, and requirements for the final syetem tests. These tests 


represented the greatest single jump in complexity during the whole 


course of the program, because the entire system loop was to be closed 


for the first time. In addition, many auxiliary facilities were 


required to implement the test. More generally, it was necessary to 


determine what the system tests shauld discover and how this discovery 


could best be made wlth only a limited number oftest vehicies. Accord- 


ingly, a System Test Committee was appointed, :which drew up a series of 


,pLans for the system tests. In such a complicated endeavor, it was not 


to be supposed that these pLans could be adhered to in absolute detail; 


however, they were followed rather closely and served as a guide 


5. 
This chapter represents a summstion of preceding Chap I11 and was 
based on references cited therein. 


throughout the program. 


As a reault of this continued planning effort, the project found 


itself in the fall of 1951 with a ayatem which had been Arlly component- 


tested in the field, with the additional ayetem component8 and gear ready 


and completely laboratory bated, the teat equiptent and inetrumentation 


readied for uae, and the test plane already laid. 


Test Equipment and Inetrumentation 


To Implement the procedure8 aet forth in the teat plana, it waa 


necessary to have, first, a target through which the syatem loop could 


be closed; second, a carefully deaiepred net of inatrumentation capable 


of Ruaiahing all the data required; and finslly, suitable teat-firing 


circuits for coordinating all element8 of the overall teat syatem. 


When the Target-Computer-Miaaile control loop wae to be closed for 


the first tbe, the moat cautioua procedure conceivable would have 


called for eetabliahing a motionleee target aufficiently high above the 


ground to insure a clear radar localization unhampered by ground re- 


flection hfluencea. Artificial radar targets carried by tethered 


balloons or alowly falling and drifting parachute6 were conaidered but 


later abandoned as involving undeairable operational complicationa. 


Severed of the planning conference8 occupied themselves with 
detaila 


of the entire test target problem. The vedue or aignificance of "proving" 


the NIKE system loop against a space-fixed target prior to its extensive 


tests against flying targeta waa extolled by aome and disputed by othera. 


It was realized that the temlnal phaae of tracking a miaaile 


toward a ground target would be disturbed by ground reflections. There- 


fore, no ground target shots could be regarded as truly representative 


of the situation prevailing in the "end game" against an airborne tar- 


get. Eventually the controversy was resolved by a contprauise decision 


to fire the f i r s t and a t least one more b e t miseile toward a fixed 


ground target located by topographical survey, with the miasile steer- 


ing orders zeroed a t two seconds before Impact so that spurious orders 


would be avoided. 


To Implement this plan, a two-pel corner reflector, about 


sixteen feet high, was set up on a slight rise of ground a t a point about 


seven degrees west and 31,000 yards north of the NIKEl radar station site. 


The reflector could be seen by the radar so that the radar sight angles 


could be statically checked against the topographical survey, and they 


agreed within a fraction of an angular dl and a few yards. 
However, 


there remained dynamic perturbations due to ground effects. To avoid 


them in the ground target firing tests, the target position data were fed 


t o the computer in the form of known survey coordinates rather than by 


locking on the reflector, the main purpose being to verif'y the proper 


functioning of the missile tracking and guidance system and to demon- 


strate that the entire apparatus was now ready to take on flying targets. 


Aerial Targets 


The necessity of testing the 
system against flying aircraft 


targets was recognized in the beginning of the project. 
As far back a0 


the SeptePiber 1948 Planning Conference, a proposal t o fire a number of 


test missile8 a t live aircraft as flying targets was accepted as an 


indispensable partial objective of the NIKE system tests. The chance 


of an incapacitating hit, even without conibat warhead, was deemed too 


great a risk to consider firing at manned aircraft. Hence, unmanned, 


remotely-controlled drones had to be adopted despite their complications, 


cost, and operational llmitations. 


Since the 
system was designed to co&mtbonibers of the future, 


at the t h e of the system tests no aircraft of typical target perform- 


ance was yet available, much less a remotely controllable drone capable 


of serving as a target. A study of the relative merite and shortcomhgs 


of various types of target drones in eervice led to the colnpramise choice 


of two types of targets. One was the QB-170 drone modification of the 


Flying Fortress banber, which would be representative in size but 


deficient in speed, altitude, and maneuverability; and the other was the 


&F-80 drone version of the Shooting Star fighter, which would come closer 


to the desired target speed ranee, though it was too emnll to represent 


a typical bomber and still deficient in altitude capability. An effort 


was made to obtain both types of drones, but the fighter type (QF-80) 


did not actually became available in time for the system tests. (QF-80 


drones did became available shortly atkrward and were successfully used 


as targets in a rimer of mME I firings.) 
Hence, all aerial target 


firing during the mME system teats had to be directed against QE-17 


aircraft, which served their purpose m e t capably though within the 


limitations dictated by their speed, range, ceiling, an8 maneuverability. 


Even so, the adaptation of QE-17 drones turned out to be a nrsJor effort, 


requiring them to be equipped with Improved autopilots, with autctmtic 


maneuvering programers, with additional radio gear, and with specially 


developed photographic scoring cameras. These preparations were cam- 


pleted between 1950 and the fall of 1951. 


Instrumentation 


During the course of the earlier field firings, a great number of 


instrumentation facilities had been built up, lnany of them associated 


with regular Proving Ground activities. Among these were the B m n - 


Knapp cameras which followed the boost and separation phases of the 


trajectory; the Askania and Mitchell phototheodolites which had long 


furnished the project with its basic traectory data; the various 


high-power telescopic cameras which had proved of great value in a m - 


lyzing trouble conditions; and the various telemetry stations. In 


addition to these sources, however, it was necessary to introduce other 


instruments especially adapted to the rather rigorous requirements of 


the system tests. 


The instruments used in these tests had to fulfill a number of 


overlapping but distinct functions. One basic function was to provide 


in each round a determination of the miss-not only the vector miss 


distance at burst, but also an accurate knowledge of the relative tra- 


jectory of missile and drone in the neighborhood of intercept. Another 


function of the instrumentation net was to a l l o w a detailed and quantit- 


ative analysis of successful rounds, so that the contributions of the 


major system components and the balances w n g them might be accurately 


appraised. In the event of rounds less than who* 
successful, it was 


necessary to be able to trace down the design features which were at 


fault and to determine the nature of needed lmprwements. Finally, in 


the case of malf'unctioning rounds, the instrumentation had to be of a 


sufficiently fine mesh to allow quick isolation of the cause of the 


failure. 


To W i l l the functions outlined above, a correspondingly 


elaborate set of instruments was required. The telrminal portion of the 


traJectory where great accuracy was d d e d was derived mainly from 


the ground-based IGOR (Intercept Ground-Station Optical ~ecorder) camera 


system and from the drone-borne ITOR (Intercept Target Optical ~ecorder) 


camera system. Both of these system6 were capable of meeting the ten-foot 


accuracy requirement on the point of burst, which was tokened by the 


detonation of a spotting charge in the missile. In addition to the 


extremely accurate account of the end game, reasonably precise trajectory 


data on both missile and drone were required throughout the flight. 


Here, major reliance was placed on the phototheodolites, on the boresight 


cameras attached to the tracking radars, on plotting board data derived 


fram radar measurements, and on the continuously photographed records of 


the cnmrputer dials which repeated the radar position data. The ability 


to analyze coarrpletely the performance of a given round required, in 


addition, a knowledge of what was going on inside the missile. Accord- 


ingly, all of the rounds, except for five provided with live warheads, 


carried telemetry sets which gave a continuous record throughout the 


flight of the various functions associated with propulsion, guidance, and 


control. 


There remained the problem of the ground guidance equipment con- 


sisting essentially of the two radars and the computer. The operation 


of the radars could be reconstructed fram three sources of data. The 


first of these was the continuous photographic record obtained through 


telescopes attached to and boresighted with the radars. The second was 


the photographic records of the camputer dials which followed the radar 


position inputs to the computer. The third source was the account of 


the internal functioning of the radars as recorded on eighteen channels 


of pen oscillograph records covering edl the important Aulctions, not 


only of the radars themselves but also of the communication link fraen 


the missile radar to the missile. Accurate monitoring of the beacon 


response and the computer orders transmitted by the radar was possible 


by such instrumentation. 


The many complex functions performed in the computer were recorded 


in several ways. An oscillograph pen recorder ("events recordn) gave an 


account of various discrete events in the course of the flight, such as 


the end of the turn phase and the initiation of burst. In addition, 


eighteen pen channels gave information sufficiently detailed so that 


computer operation throughout the flight could be completely recon- 


structed. 


System Test Firing Circuits 


A completely instrumented system of this complexity, involving 


many agencies with personnel at many locations over the Froving Ground 


range, demanded excellent coordination at the time of firing to assure 


that the target, instrumentation, and system proper were ready for the 


test firing. The system test firing circuits were therefore organized 


in such a way that the overall system was broken down into a number of 


well-defined areas of responsibility. The Project Ccxmnander, who 


directed the operation and actually ordered the missile to be fired, had 


reporting to him three control officers, each of whom was responsible 


for bringing his section of equipment or instnanents to readiness prior 


to firing. One of these sections colnprised the radars and the computer; 


another the missile operation; and the third the drone operation, range 


safety, and range instrumentation. Each position in the firing or@- 


zation was provided with visual indication of events only in its 


Immediate sphere of interest. The system was designed to provide 


adequate cnmrmlllication by means of telephone circuits and 1-8 
between 


the Roject Commander and his auxiliary officers, and between each of 


them and the units under their control. Inter-locking firing circuits 


were designed so that, unless all stations vere ready, the fire order 


could not be trsnsmitted. 


This arrangement proved to be entirely satisfactory, and a great deal 


of valuable experience was gained (which benefited the eventual design of 


the NIKE I fire-control equipment). 


Results of System Test Pirings 


As stated earlier, the NIKE R&D Syskm waa designed specifically for 


test purposes, with provision for instrumentation and observation wherever 


possible. It was neither a quantity production design nor a fully tacti- 


cal equipment, the latter objective being the goal of the NlXE I version 


which waa getting into its stride concurrently. Convincing ae they were, 


the system testa did not and could not prove or e-lore 
the performance 


boundaries of NIKE, chiefly because of speed and altitude limitations of 


the available target drones. Though restricted in number to less than any 


fair statistically repregentative sample, they covered the central part 


of the speed, altitude, and maneuvering range for the whole gamut of 


approach aspects with such good results that modest extrapolation of 


lethality to somewhat larger ranges than tested seemed obviously justi- 


fied. To what extent unexpect 
phenormena might be encountered at 
"t I 


extremes of altitudes or other parameters remained to be experienced or 


explored on future occasions. On the other hand, at the long-range 


moderate end of a coasting flight, previous tests had already sham the 


missile to be controllable in the transonic and subsonic areas d a m to 


much lower speeds than had been assumed at the time of the AAGM Report. 


In the course of the initial R&D System Test firing program, twenty- 


three rounds were fired. These tests, of course, were only the beginning, 


since firings continued with the tactical NIKE I missile after the R&D 


rounds were expended. The results here, however, are confined to those 


rounds fired during the first system demonstration. Naturally, no 


single event or test shot was intended to be representative of anything 


like the "proof of the pudding." 
Indeed, even the whole of the system 


test with its various facets could do no more than convey a picture of 


the results of sane six years of R&D effort, the ultirmte objective of' 


which was to demonstrate the feasibility of a command-guided missile 


system. 


General information on the circumstances and results of the 23 test 


rounds is given in the accompanying table, entitled "Surmnary of System 


Test ~ounds."' 
In examining this mmary sheet, it becomes evident that 


the rounds to be discussed fall. into three sharply definable categories. 


Category 1 includes those rounds for which there was no evidence of mal- 


function either in the ground equipmt or the missile-borne gear. In 


Category 2 belong those rounds for which same knam malfunction existed, 


the deficiencies of which were directly and definitely traceable to this 


malfunction. Category 3 comprises those rounds that were unsuccessful, 


1. See Appendix 7 for further detail. 
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SUMMaRY OF SYSTEM TEI ' ROUNDS 
INTERCEPT 
ROUND 
TABGET 


niitude 
shove WSPG 
in Feet 


a s s Me-- 
to-Metal 
in Feet 
- 


No. - 
67 
69 
73 
75 
76 
77 
- 
70 
71 
78 
88d - 
68 
72 
74 
79 
80 
82 
86 
87 
;$ - 


GrounEl 
Speed 
in MPH 
- - 
316 
- - 


235 
235 
273 
179 
220 
185 


Range North 
of Radar 
in Miles 


Miss 
CG-CG~ 
in Feet 


46b 


Z b 


75 
63 
20 


23 
65 
23 


107 


154 
181 


Date 
REMARKS 


-- 


Ground 
(3-17G 
Ground 


QB -17G 
QB-17G 
(3 -17G 


&B -17G 
QB -17G 
QB -17G 


- 
- 
- 
- 
- - 


Crossing 
-- 


Approach 
Approach 
Approach 


Approach 
Approach 
Approach 


- - 


None 
- - 


None 
None 
None 


None 


hrasive 


Turn 


CATEGORY 1 
(successful 
rounds; no 
component 
malf'unc- 
tions ) 


Crossing 
Crossing 


Approach 
Approach 


None 
None 


None 
Evas ive 


CATEGORY .2 
(partially 
successful- 
component 
malfunction) 


Ground 
(3-17G 
QB-17G 


QB- 17G 
QB-17G 
0-17G 


&B-17G 
(3-17G 


(3-17G 


- - 


Crossing 
Approach 


Approach 
Crossing 
Approach 


Approach 
Approach 


~ ~ p r o a c h 
Approach 


- - 


None 
None 


None 
None 
Evasive 


b a s ive 
Evasive 


Evasive 
Turn 


CATEGORY 3 
(unsuccessful 
because of 
a missile 
component 
failure ) 


Center of Gravity of Aircraft to Center of Gravity of Missile. 
Notes: a. - 
- 
- 
- 
- 
b. 
Closest ~~Froach. 


c. 
---and 2 miles east. 
d . Warhead Romds . 


~ c m & s 
81, 84, & 85 were M e 1 Ubg--N13CE T Rm (kotot-ype) Missiles. 
llo 


as far as the system test was concerned, because of some missile com- 


ponent failure. Of these three categories, Category 1 is of the greatest 


significance and will be discussed first. 


Category 1 (Successful Rounds; No Component klflmctions) 


The rounds of Category 1 divide into two groups-two rounds (67 and 


73) fired at a ground target, and seven rounds fired at aerial drones. 


The first firing at the ground target occurred atWSR3 on 15 November 


1951. It was a high point in the history of the NME system, marking the 


first time-six years after the inception of the project-that the NIKE 


system loop was closed in the field. The result of this 18-mile firing 


was completely successful with the missile passing at a distance of 46 


feet from the coner reflector at the ground target. (An analysis of test 


data furnished assurance that the system was ready to take to the air. 


Consequently, several rounda were fired against aerial drones before re- 


turning to the attack of ground target.) The second ground-target firing 


(Round 73) on 18 December 1951 was equally ~uccessful, with the missile 


passing 38 feet from the corner reflector. In both of these ground-target 


firings, large variations in the elevation position of the missile 


occurred shortly before intercept, as had been expected.2 These vari- 


ations resulted from ground reflections at low-elevation angles. Partly 


on their account and partly to insure a spotting charge detonation above 


ground, the time of burst with respect to intercept had been advanced in 


the computer. Accordingly, valid burst times were not determined for 


these rounds, and the miss figures shown in the foregoing table are those 


of the closest approach of the missile course to the target. 


2. 
Note description of ground target earlier in this chap. 


The first firing of a NIKE at an airborne target took place on 27 


November 1951, when Round 69 was fired. It was an Immediate success; 


the mlssile token burst appeared 


57 feet from the center of the 


drone flying a crossing path at a 


12-mile range and 33,000 feet 


a b w e sea level (see Figure 22, 


Page ll3). 
This event represented 


a significant mlleetone, not only 


in NIKE history, but also in a 


s o ~ w h a t 
broader sense, in that 


it marked the first successful 


engagement of an air-target by an 


antiaircraft command-guided mis- 


sile system. (The subsequent 20 


tests were accomplished in fairly 


rapid succession and concluded 


Figure 21. A Typical System Test within five months thereafter). 
Launching (Round 75, 1-29-52, WSPG) 


Other Category 1 rounds dis- 


patched against airborne targets were Rounds 75, 76, 7'7, 83, 90, and 92. 


Although the summary sheet gives the basic information pertaining to 


these rounds, it does not tell the complete story in same instances. 


In the case of Round 7'7, for example, the burst miss distance figure 


of 20 feet obscures the fact that the missile actually struck the tail 


assembly of the drone and caused serious damage. Similarly, in R 
W 


83, where a burst miss distance of 23 feet is listed, it is important 


Figure 22. 
IGOR Photographs of 
Round 69 (27 Nov 51, WSX) 


Figure 23. 
IGOR Photographs of 
Round 75 (29 Jan 52, wSPC) 


Figure 24. 
IGOR Photographs of 
Figure 25. 
IGOR Photograr,hs of 
Round 77 (5 Feb 52, WSPG) 
Rour.ct 83 (4 Pkr 52, WSPG) 


t o observe that the missile penetrated the fuselage of the drone, 


entering a t the waist gunner's window and emerging a t t h k tail-wheel 


well. 
The mother ship was unable to land the dsmaged drone; it crashed 


and burned, a t o t a l loss. 
Incidentally, these rounds (77 and 83) were 


the only ones to make 
direct h i t on the target drone. 


IGOR photographs of Rounds 69, 75, 77, and 83 are shown in Figures 


22 through 25. 
These pictures are samples of photographic c o v e s ~ e of 


the intercept phase by the IGOR system of ground-based high-speed long- 


focus cameras developed by BRL for the purpose of insuring a pictorial 


record of intercept even i f the drone was destroyed and ITOR films were 


lost. 
(Rounds 90 and 92 are discussed separately under "Live Warhead 


Firings. " ) 


An examination of the overall results of rounds in Category 1 reveals 


a 
. 


two basically important facts. 
First, the miss distances were a l l ade- 


quately small in the sense that the missile at burst was, i n every case, 
. ,-, : , 
generously within lethal range of the target. 
The second point of 


importance is that the command fuzing appeared to be very accurate indeed. 


A s a matter of fact, there appeared to be l i t t l e likelihood that its 


quality could be improved or even met by the use of influence devices. 


Category 2 (~ounds Partially Successful, Component ~~11function) 


The rounds of Category 2 are four i n number: 
Rounds 70, 71, and 78, 


all provided with spotting charges; and Round 88 of the 491 Missile with 


a live warhead. 
Rounds 70 and 71 received jumbled orders during the "end 


game" or last few seconds before intercept, resulting in miss distances 


in excess of 100 feet. 
Similar miseee were recorded i n the case of Rounds 


78 and 88, but the cause of error was different. 
Here, the radars 


produced non-uniform rates in azimuth as a result of the radar servo's 


inability to follow exceedingly slow rates, the latter condition stem- 


ming from the presence of static friction. This "togging" of the azimuth 


input data to the computer led it to infer large accelerations on the 


part of the target, and led to misses which greatly exceeded the absolute 


position error of the data. In dl these rounds, the instrumentation was 


sufficiently extensive and well-coordinated to permit an accurate and 


quantitative tracing of the effects involved. Mollcover, rapid on-the- 


spot reduction and analysis of the data allowed a quick diagnosis of the 


causes Involved, this permitting pranpt corrective action before further 


tests were resumed. 


Category 3 (~ounds 
UnsuccessFul Because of a Missile Component ~ailure) 


The rounds of this category (see summary sheet on Page UO) 
were 


frustrated by Functional failure of some component which resulted in an 


early termination of the flight, either as a direct consequence of the 


failure or by fail-safe action to insure range safety.3 It is perhaps 


worth pointing out, however, that by means of the carefully designed mesh 


of data-gathering equipment in the missile and on the ground, much infor- 


mation of value was learned w e n from these unsuccessFul flights. 


Live Warhead F i r w s ( ~ o m d s 
88 to 92, inclusive) 


After system test firings of 490 Missiles (with spotting charges) 


were completed in March 1952, five rounds of the 491 Missile with live 


warheads were fired against QB-17 drone aircraft. These firings started 


with Round 88 on 2 April 1952 and ended with Round 92 on 24 April 1952. 


Rounds 89 and 91 are included under Category 3, above, in that they were 


3. 
See discussion of test results in Appendix 7. 


functional failures. 
For reasons already stated under Category 2, 


Round 88 produced too large a miss t o be included i n the accuracy 


section (Category l ) , but it was very interesting fram the warhead view- 


point, as w i l l be noted beluw. 
Rounds 9 and 92 were excellent in every 


respect. 
All of these flights represented'incoming courses a t about 


9,000 feet ground range w i t h target maneuver present. 


In Round 88, the warhead burst occurred about 181 feet beluw the 


belly of the plane and a l i t t l e t o one aide. 
In spite of this large m i s s 


distance, however, the bottom of wings and fuselage were punctured with 


about 170 fragment holes, a large number of which continued on through 


the aircraft. The damage was such that personnel would have been killed 


or wounded-in 
particular the bombardier probably killed-and 
hydraulic 


lines were severed. 
The A i r Force assessor, who was present a t the 


firings, was unable t o definitely classify the formal category of damage; 


huwever, the available evidence pointed to a "C" kill, which is taken 


here t o mean the Inability of the plane or its crew to complete a success- 


f u l mission. 
Actually, the plane was eventually landed by remote control. 


Rounds 9 and 92 were quite similar in their effects. Round 90 


had a moderate CG t o CG miss of 65 feet, while Round 92 represented a 


close miss of 23 feet. 
Both produced Immediate destruction of the air- 


craft ("K" k i l l ) as illustrated in Figures 26 and 27. 


These two firings represented another dramatic milestone in NIKE 


history, in that they fully demonstrated the puwer of NIKE as a 


destructive antiaircraft weapon, thus marking the culmination of the R&D 


program. 
O f equal significance is the fact that these firings were 


witnessed by a number of high-ranking Amy, Navy, and A i r Force officials. 


Figure 26. 
IGOR Photographs of 
Round 90 (10 Apr 52, WSPG) 


Figure 27. 
IGOR Photographs of 


Round 
(24 Apr 52, WSPG) 


While Rounds 90 and 92 were spectacular and reassuring shots, 


little can be said concerning the mechanieme of the damage. The crews 


would have been wiped out (with the possible exception of the tail 


gunners); fuel fires were set; holes were bored through the propellers; 


and the structures first weakened by f'ragments were deformed by blast 


and gust. To a considerable extent, the wreckage was molten and dis- 


persed. While the above facts may fairly be surmised from the remains, 


little else can be said. 


No statistical facts could be gleaned from these few firings; how- 


ever, it was the general consensus of opinion that the time and expense 


involved were eminently justified. They gave to the designer and the 


user a sense of the power of the mapon for its task that could have 


been obtained in no other way. 


synopsis 


In appraising the overall results of the formal R&D System demon- 


stration just described, the reader should bear in mind that the primary 


objective of the program up to this point was to prove in the field that 


a physical system similar to that proposed in the original AAGM Report 


would perform as envisioned and would, in fact, meet the specifications 


Imposed on it. Therefore, the system test missile employed research and 


development equipment designed only to demonstrate the feasibility of the 


NME command-guided missile system. 


#) For all intents and purposes, then, the overall NDU3 ILkD System 


demonstration could be considered a complete success, despite the fact 


that only a little w e r 504 reliability was attained even when firing 


under optimum test conditions. While it was apparent that a considerable 


#) amount of engineering effort would still be required to produce an 


acceptably reliable NIKE Missile and control eyetem, the R&D System 


l i 
Tests proved by a generous margin that the original specifications 


r 
could indeed be met and, in many respecte, could clearly be exceeded. 


C 


Moreover, these teete yielded Invaluable experimental data on several 


scientific problems of controlling importance that had been the subject 


of much theoretical debate for a number of years. Among these was the 


basic problem of obtaining sufficient radar, computer, and missile 


response accuracy to make a comaand system effective up to the ranges 


contemplated for NIKE I. 


Even though the R&D System was neither required nor designed to be 


a tactical weapon as such, tactical requirements were adhered to as 


closely as sound scientific evaluation of the syetem would permit. 


Consequently, a minimum of c-e 
was required in the accelerated 


development of the first tactical guided mieeile system which was to 


become the NIKE I. 
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Army Field Forces Liaison Office, BTL. 


5. 
N E E LIAISON REPORT NO. 170, 19 Feb 52, by Lt Colonel John C. Bane, 
Arm(y Field Forcas Liaison Office, BTL. 


6. PRmCT Nm 
PROGRESS REFORT, BTL, 1 Dec 51 (Lib File R-12061). 


7. 
PROJECT m PROGRESS REFORT, BTL, 1 Mar 52 (Lib File R-16726). 


8. 
PROJECT mME PROGRESS REFORT, BTL, 1 Jun 52 (Lib File R-1672'7). 


+ Documents filed in ARGW Technical Library (Bldg 7120) and Library 
Annex (1gloo Area). 


#) VI. 
D~~~ 
AND PRODUCTION OF THE NIKE MAX 


AllTUIRCRAFT GUIDED MISSILE SYS- 


Introduction 


So far, this study has dealt primarily with the initial R&D phase 


of the NIKE ProJect, the culmination of which was a series of official 


R&D System Tests conducted from 15 November 1951 to 24 April 1952. Nor- 


mally, this phase of the project would have been followed by a period of 


advanced development and engineering effort, which would have led, in due 


course, to the orderly release of final engineer drawings and specifi- 


cations for production of the ultimate tactical system. However, as 


already noted in this study, the production processes of the NIlE Project 


were placed on a "crash" basis and the contractor was requested to 


undertake the development and delivery of tactical weapons well in advance 


of the time normally allowed after completion of an experimental program. 


This meant, in effect, that the contractor had to extract a tactical 


design from an experimental system which had not been fully developed 


and field tested. The actual design and fabrication of tactical proto- 


type missiles was, In fact, started early in 1951 while the experimental 


program was still in its final stages and before the complete R&D System 


* The tactical version of the NIKE AAGM System was originally designated 
the NIKE I, XSAM-A-7 (~serimental 
Surface-to-AJ.r gssile - A - 


Design noJ 7). In Jul 55, it was-redesignated the NIXE I Antiaircraft 
Guided Missile System to more clearly define the system function. Final- 
ly, the name NIKE I was changed to NIKE AJAX by DA Cir 700-22, dated 15 
Nov 56. ( ~ t 
the same time, the NIKE B-a 
more deadly, longer-range 
version of the N 
m 
then under dev-was renamed IME EERCUIES. ) To 
avoid confusion, the rmXE I is hereinafter referred to by its new name 
regardlea s af the period -under .ttis'mg6f 011;-%e*~bm-'ii6iiiK'Is used only 
when necessary in citing titles of, or quoting from reference material. 
For complete text of Ord policies relating to identification and type 
designation of the NME' s and other GM systems, see Appendices 8, 9, 
and 10. 


had been subJected to official flight tests against airborne targets. 1 


(see NME AJAX Program Schedule, Figure 28.) 
2 
The f i r s t model of the 1249 tactical mlssile thus took form late 


in 1951 and was successfully fired from the original ground equipment on 


25 February 1952-exactly 
two months before the l a a t R&D round roared 


from its Launcher and dramatically demonstrated the power of the NIKE as 


a destructive antiaircraft weapon. 
The f l r e t production line missile 


(NO. 1249~-1001) made a successFul flight on 22 July 1952-three 
short 


months after capletion of B&D System Tests. 


Because of this werlap of R&D and industrial activity, the NIKE 


story must once again depart from a true chronological narrative. Back- 


tracking to 1950, this chapter begins with a brief background hietory of 


the telescoped R&D Roduction Rogram and goes on to describe the design, 


development, and production of the NlXF, AJAX Guided Mlesile Systern, which 


was later to emerge wlth marked dietinction ae the flrst canbat-ready 


antiaircraft guided mieeile to be used in the U. S. a i r defense network. 


The coverage given the telescoped production pr0ep.m is not intended 


to represent a conclusive industrial history of the proJect. This subJect 


is covered only to the extent necessary to place the developent program 


in proper perspective and to give the reader a better conception of what 


the tele~coped or "crash" program actually involved, since it was the 


1. Note status of NIKE dev in 1950-51, pp.72-80 incl. 
2. 
Mo. 1249 was used to identif'y both R&D and Production models. Aprx 
108 R8PD lnissilee were fabricated-the 
f i r e t 20 rounds, identified aa 


Model 1249, were hand-built on temporary tooling; the remaining 88 
service test rounde, designstea as Model 1249A, were combination pro- 
duction and had-made, i.e., they were built on production tooling 
but assembled on Plodel shop basis. 
Production mlssiles were identi- 
fied as M e 1 1249B and numbered consecutively beginning with 1001. 
(Note lnissile numbers in table of mKE MAX R&D Tests, Appendix ll. ) 


NlKE AJAX PROGRAM SCHEDULE 


R Q D PROGRAM FUNDS 


MILLIONS 
OF 
DOLLARS 


FISCAL YEARS 


Figure 28 


f i r s t such program ever attempted by Army Ordnance. 
Production and cost 


statistics for the entire NIKE Project are briefly covered i n the final 


section of this chapter. 


The Telescoped R&D Production Program 


When U. S. Armed Forces entered into the Korean conflict in June 


1950, immediate action was taken t o accelerate the research, development, 


and production of guided missile systems. Recognizing the interest of 


a l l services i n the field of guided missiles, the Secretary of Defense, 


i n October 1950, established a new office entitled "Director of Guided 


Missiles." 
Headed by Mr. K. T. Keller of the Chrysler Corporation, t h i s 


new office was responsible for providing competent advice on the research, 


development, and production of guided missiles. 


A review of all guided missile projects, conducted by Mr. Keller and 


his staff, revealed that the NME Program was the most advanced i n the 


development stage and offered the best potential defensive capabilities. 


In his recommendations-commonly 
known as the "Keller Fapersl'-Mr. 
Keller 


stated that the "Acceleration of production processes for NIKX I project 


is considered immediately necessary in order t o get t h i s missile system 


out of research and development and into the tactical weapon stage a t the 


earliest practicable date." 
To insure the earliest possible use of the 


weapons system, he reconmended that the following be established as 


i n i t i a l program objectives: 


3. 
For further details r e Industrial and Field Senrice Programs, the 
reader is referred t o the following proj report (one of a series of 
RSA reports prepared for OCO and commonly referred t o as the "Blue 
Books" ) : "Ordnance Guided Missile & Rocket Programs - NIKE Antiair- 
craft Guided Missile System," dated 30 Jun 55. 
This document is 
hereinafter cited as "NIKE Blue Book." 


"a. 


"b. 


"c. 


"d. 


F'abrication of 1000 missiles by 31Deceniber 1952 ... 


Establishment of a production facility...Which will be 
capable by 31 December 1952 of producing 1000 missiles 
per month on a one, 8-hour shift, 6 day-per-week basis. 
Initially this facility should be gap-line tooled... 


Fabrication of three (3) IlIRE I Ground Units (pilot Models) 
by 31 December 1952 and sixty (60) N E E I Ground Units by 
31 December 1953. . . 


Establishment of a production facility, including machinery 
and tooling, which by 31 December 1953 will be capable of 
producing nine (9) rmKE I Ground Unit per month on a one, 
8-hour shift, 6-day per week basis.. . 


It & 


Fram the outset, it was realized that this would be an ambitious 


undertaking, for it was drastically different fram anything yet attempted 


by the Ordnance 
After considering the various advantages and 


disadvantages of such a program, the assistant chief of the Surface-to-Air 


Missile Section, hummition Branch, OCO, in a memorandum to the chief, 


Ammunition Branch on 4 December 1950, described the Ordnance Position, 


in part, as follows: 


"...The 
Ordnance Position. The NME System is essentially in 
the research and development stage. Of the items. . . 
(comprising 
the system) . . .not one has been finalized for production. . . 
from 
the routine point of view, the research and development stage 
is not sufficiently advanced for the Industrial Division to take 
part in this program; however, if the production requirements 
assumed above are to be met...production 
effort s h m d be 
contracted for within the next month or two. As of the moment, 
no production organi ation is in existence to carry out this 
production program. 
tt & 


The disadvantages of such a program would be numerous. Since development 


would still be in process, drawings would be incpplete and inadequate for 


a basis of procurement. With the introduction of developmental changes, 


I . NIKE Blue Book, op. cit., pp. 67-68. 
5. 
Ord Dept redesignated Ofd Corps by Ord Corps Order 32-50, "Designation 
of the Ordnance Corps," dated 1 A u g 50. 
6. NIKE Blue Book, op. cit., p. 68. 


components ordered for production would have to be scrapped and new com- 


ponents ordered. Expeditors would be faced with the problem of securing 


new material in time to meet production c6mmitments. No experience would 


be available from field use upon which to base allowances for support 


items for tactical use. Therefore, spare parts estimates for maintenance 


support would have to be recommended on the basis of mortality experi- 


ences with other highly complicated electronic items. As development 


continued, it would be necessary to provi'de for concurrent modification 


in the field and, if practical, in the factory prior to delivery, in order 


to assure that the items produced would be in pace with the development of 


the art. To assure the incorporation of all necessary modifications, 


numerous records would have to be assembled to provide a "hletory" for 


each system produced. Inspectors would have to rely, to a great extent, 


on contractor inspection techniques and would have to inspect against 


contractorts drawings and specifications. In pursuing such a telescoped 


program, the rights of the Government-with regard to drawings and other 


technical data which would disclose information considered by the con- 


tractor to be of a proprietary nature-would not be clearly established. 


After careful consideration, it was decided that the urgent military 


need for this new defense weapon outweighed both the risks of attendant 


disadvantages and the high costs involved. The Keller recommendations 


were thus approved by the Army Chief of Staff in January 1951 and the 


Chief of Ordnance was directed to take the actions necessary to obtain 


funds for the accelerated N M E Program. 


On a "crash" basis, the estimated cost of the program was only 


slightly better than an educated guess. To meet the initial program 


objectives cited above, the Director of Guided Missiles had estimated a 


total program of $370 million, Including research and development and 


Government furnished equipment (GFE) .7 In the initial proposal, submitted 


to the Chief of Ordnance late in December 1950, the prlme contractor 


(WECO) estimated that the same program objectives would require $192.5 


million. To initiate work on the accelerated program, WECo first re- 


quested $100 million. However, when this amount was questioned by G-4, 


the contractor reduced the initial Funding requirement to a minimum of 


$60 million. It was then determined that only $56,956,000 in Ordnance 


funds was available for the initiation of the program. 


On 26 January 1951, G-4 approved the commitment of funds and issuance 


of a letter order to WECo for $56,956,000. Hence a formal letter order 


bearing Contract No. DA-30-069-OFID-125 was issued on 19 February 1951, 


such order to remain in effect until a definitive contract could be 


written. 


In July 1951, WECo submitted a firm proposal amounting to $232 mil- 


lion, and the award of a contract in this amount was approved in December 


of the same year. On 18 March 1952, the original letter order was super- 


seded by a definitive contract (OFID-125) which prwided for the initial 


production and delivery of 1,000 missiles, 60 sets of ground equipment, 


20 sets of assembly area equipment, and 20 sets of OFID-6 test equipment. 


In the performance of this contract, WECo manufactured or assembled 


the majority of all electronic components, the ground guidance and control 


equipment being manufactured at its Burlington, North Carolina plant, and 


7. Included in GFE were warheads, boosters, test & training equipment, 
maintenance equipment, motor vehicles, etc., the cost of which was 
estimated at $71 million. 


the guidance section at its shop In St. Paul, Minnesota. For the manu- 


facture of item other than electronic, WECo chose the Douglas Aircraft 


Company as principal subcontractor and BTL was selected as the supporting 


deeign agency. Specifically, DAC was responsible for producing: (1) mKE 


Missiles, less guidance sections (though it was required to assemble 


guidance section Into the missile); (2) launching and handling equipment, 


less electronic items; (3) assenbly area equipment; and (4) missile ORD-6 


test equipment, less electronic items. 


In administering subcontracts, WECo gave primary consideration to 


economy and low cost of meterial for the Government. Accordingly, WECo 


first selected items manufactured within its own plants; then standard 


"off-the-shelf" items; and finally, other standard items which might be 


subject to very slight modification. The selection of suitable subcon- 


tractors and vendors was based on the folloxing criteria: availability 


and cost of items; quality of product; ability to perform; financial 


stability; technical abillty and englneerlng capability for developing a 


better part; and capacity to manufacture on a production basis if required. 


In purchasing parts-where there were no commercially established prices- 


WECols policy was to solicit at least three competitive bids. Where 


competitive bidding was not feasible due to type of item required, a 


redetermination clause was included In the purchase contract. 8 


Design and Fabrication of the Tactical Prototype 


The eucceee of NIKE grounU guidsnce demonatratlone early in 1950, 


together w i t h mounting concern m r the international situstlon, p r q t e d 


Army Ordnance to begin work on a tactical version of the NIKE System some 


twelve months earlier than origiadly programned. 
This decision repre- 


sented a major change in scope of contractor effort, for the original 


project objectivee were limited to the successful demonstration of the 


command guidance system of control and submission of recommendations 


covering the neceesary parameter6 for a tactical surface-to-air missile 


system using this type of guidance. The initiation of design and devel- 


opment work on the tactical eyetem at this point in the program made it 


essential that the original R&D objectives be completed as expeditiously 


as possible, in order to insure satisfactory solutions to remaining 


problems and to provide the necessary research background. 


A preview of the design objectives and equipment plans for the 


tsetical system was given to Amy, navy, and Air Force representatives in 


a presentation in Washington on 24 July 1950. A final report outlining 


the plans, objectives, and design features of the system was later pre- 


pared and distributed to Ordnance and Field Force pereonnel for use ss 


an engineering guide.'' 
Briefly, the design objectives of the tactical 


system were formulated to provide, at the earliest possible date, an 


effective defense against 650-knot maneuvering bomber type aircraft at 


ranges up to 25 nautical miles (NM) 
and at altitudes up to 60,000 feet, 


Based on known capabilities determined by analytical and experimental 


9 
It should be noted here that this action on the part of Ordnance 
came several months in advance of the Keller recommendations and 
therefore did not involve production processes. However, the 
advanced stage of the NIKE Program when reviewed by Mr. Keller and 
his staff late in 1950 can be attributed to Ordnance foresight in 
initiating tactical design effort ahead of schedule. 
10. This report, entitled "NIKE I - A Surface to Air Guided Missile Syst.edf 


and dated 1 May 51, was prepared by BTL and DAC as part of the 
initial R&D contract (w-30-069-3182) between Ordnance and WECo. 


work, these objectives defined a defense weapon that would be effective, 


not only against presently known designs of bomber type aircraft, but also 


against those predicted for the near future. In keeping with established 


organizational practices in the field of antiaircraft artillery, the fire 


unit for this guided missile system was to be the "Battery"--several 


batteries making up a battalion. 


The initial development schedule enbraced three specific phases of 


effort: (1) the design and construction of all ground equipment required 


for one tactical NIKE battery; (2) the design and construction of a quan- 


tity of missiles for service test of that battery; and (3) the preparation 


of complete manufacturing information suitable for mass production of 


equipment and missiles. This included the missile and control equipment 


proper, as well as a l l supporting equipment such as target acquisition 


radar, tactical control facilities, checkout equipment, field test equip- 


ment for battery and higher echelon maintenance, and all other items 


necessary to form a completely integrated guided missile battery suitable 


for field use under combat conditions. 


By August 1950, detailed planning for the tactical system had pro- 


gressed to the point where design and operational features of the missile 


and ground equipment could be established. As viewed at this time, the 


missile for the tactical system was almost identical to that of the 1950 


(~odel 
490) R&D System shown in Figure 13 (page 84); however, consideration 


of the problems of reliability, ease of fabrication, and servicing of 


missiles under field conditions dictated certain changes in design which 


had to be proved-in by firing tests prior to quantity manufacture. For 


this purpose, 108 experimental missiles (Models 1249 & 1249~) 
were later 


fabricated and fired in proving 


tactical system were similar to 


ground tests .ll The 


the monopulse radars 


ground radars for the 


but they too required 


some modification for production and tactical use. The handling and 


servicing equipment was also redesigned to improve transportability and 


field use. 12 


Late in 1950, it was decided that the project schedule then in effect 


was inadequate. A review of the project indicated that the already accel- 


erated NIKE schedule could be shortened by one year through a "crash" 


program employing unlimited overtime and a calculated risk. The resulting 


schedule called for the delivery of three service test models of the 


Battery Equipment by December 1952 (one in September, one in November, 


and one in ~ecember), and one service test model of the Assembly Area 


Equipment in September 1952. 


The year 1951 was one of rapid build-up to the increased work rate 


necessary to meet the new development schedule. The equipment was di- 


vided into a large number of subassemblies for design &d manufacturing 


purposes, with develropment responsibility being allocated to various 


departments within BTL. The DAC was brought into the project to design 


the trailers, launcher, launcher control, and the assembly area equipment, 


in addition to its responsibility for the missile. Meanwhile, the 


Ordqance Corps and Signal Corps had increased their efforts to meet the 


development and procurement schedules for certain components and 


subassemblies that were to be Government-f'urnished items for the NIKE 


11. Note test results of Model 1249 and 1249A Missiles, Appendix 11. 
12. hod rmXE Status Report, BTL, 15 Aug 50, pp. 4, 
35, & 36 (ARGMA 


Tech Lib - R-12085). 


I. . 


System. 13 


Acquisition and Tracking Radars 


The decision, late in 1951, 
new acquisition radar then 
to use the 


being introduced in the T33* Antiaircraft F ire Control System (AAFCS) not 


only contributed materially to the meeting of N I K 3 development schedules 


but also prwided for standardizations between the T33 and NIKE MAX 


Systems. The development of the T33 AAFCS in advance of the NIKE System 


and the similarity of the two systems enabled BTL to anticipate the needs 


of NIKE as the equipment for the T33 was designed. The end result was an 


extensive saving of both time and money required for research and develop- 


ment, production, logistics, and personnel training. 14 


Constructed of lightweight materials, the acquisition antenna was 


maunted on a tripod-supported drive unit capable of rotating (the antenna) 


at speeds of either 10, 20, or 30 revolutions per minute. The RF unit 


and the modulator unit for the acquisition radar were contained in 


separate sections and designed for attachment, during use, to the lower 


* Prototype model designated the T33; later production model designated 
the M33. 


13. NIKE I Progress Report No. 1, BTL, 1 Oct 51, pp. 1-3 ( ~ e c h Lib - 
R-12062). Unless otherwise indicated, the succeeding summary of 
component development and preparation of production manufacturing 
information for tactical prototype equipment and missiles was 
based on NIKE I Progress Reports No. 1 thru 5, incl., BTL, dated 
1 0ct 51, 1 Apr 52, 1 Jul 52, 1 Oct 52, and 1 Jan 53, respectively 
(~ech 
Lib - File Index R-12062, R-12063, R-12064, R-12065, and 


R-16733 


14. In this connection, Lt Col Robert E. LeRoy, Redstone Ord Off at BTL, 
later stated that it would hot have been possible to develop the NIKE 
I Ground Control System in the short time allotted if th6 $433 System 
experience had not been used to the greatest degree possible. He 
went on to say that the "engineering design effort necessary to 
develop the NIKE I Ground Control EQuipment was reduced by approxi- 
mately one-third by using components of the M33 System.. . 
.It 
Project 
NIKE Army Ordnance Technical Liaison (AOTL) Report No. 17, 30 Jan 52, 
p. 2 (Tech Lib - R-8585). 


portion of the antenna drive. Other acquisition equipment, such as power 


supplies, controls, and indicators, was housed permanently in the battery 


control trailer, from which the antenna could be remotely controlled. 


Engineering tests of the revised acquisition radar antenna, completed 


early in 1952, confirmed its anticipated performance and indicated that 


it would satisfy NIKE objectives. By July 1952, the acquisition radar 


system had been installed in the Battery Equipment and tests had pro- 


gressed to the point where parer could be applied to all of the electronic 


circuits. In October, its operation as part of the tactical system was 


checked during tests of the tracking radars employing aircraft targets. 


All facilities proved satisfactory and no changes were necessary. A scale 


model of the acquisition antenna a s s d l y is shown in Figure 29. 


With the exception of a few plug-in type components which established 


the final functional identity of the tracking radars, the missile and 


target tracking radar antenna mounts were identical. Each mount included 


a stationary equipment enclosure with out-triggers and jacks to permit 


precise leveling at the operational site. ( ~ o t e 
scale model of the 


antenna mount in Figure 30. ) This entire antenna assembly was perma- 


nently mounted on a flat bed trailer and secured by means of shock mounts. 


The assembly was designed so that the vehicle weight could be released 


from the antenna mount when the unit was sited and leveled, thus providicg 


isolation between the working deck and the mount proper. Design infor- 


mation on the vehicle was completed and model constlvction started late in 


1951. No major problems were encountered in this program. 


Computer 


The basic circuit configuration and requirements for all elements of 


Figure 29. Acquisition Antenna Assembly 


('BTL, 1 Oct 51) 


Figure 30. Tracking Antenna Assembly 


(BTL, 1 Oct 51) 


the computer were established as early as September 1951. By the end of 


the year, preparation of manufacturing information had been completed and 


work started on construction of model components. 


Early in the program, a high precision zero-set circuit was devel- 


oped for use in those portions of the computer where more rigid require- 


ments precluded use of the conventional zero-set system designed for the 


AAFCS T33. Also developed early in the program were potentiometers with 


extreme precision requirements for primary co-ordinate conversion. 


Manufacturing information on these designs was completed and the first 


model successfully tested early in 1952. 


Additional circuit facilities were later incorporated in the com- 


puter design, following a study of operational limitations related to 


missile boost dispersion and radar tracking capabilities. An initial 


turn computation was included to modify the initial steering orders 


transmitted to the missile and thus avoid a flight path to target inter- 


cept which might exceed the azimuth tracking capabilities of the radar. 


The construction of all components was completed in June 1952 and 


engineering tests were started. By October 1952, the first prototype 


computer had been completely tested and installed in the battery control 


trailer. Two Dynamic Test Sets, constructed for production testing of 


the computer, were checked out with the first computer during tests at 


Whippany, N. J. One was shipped to the Burlington, N. C. plant of WECo 


for use in production testing; the other was retained by the RTL Murray 


Hill Laboratories until March 1952 and then shipped to the Burlington 


plant. 


Launching & Handling Equipment 


The launching and handling equipment of the NIKE AJAX Battery was 


to consist of the launcher-loaders and the launching control equipment. 


The battery itself was to include four launching sections with four 


launching positions, each of the latter consisting of a launcher-loader 


capable of acccmmodating four prepared missiles-one on the launcher and 


three on the loading rack. 


During the initial development phase, facilities for simplified 


check-out tests of prepared missiles were designed into the launcher- 


loader unit with provisions for individual test of any of the four pre- 


pared missiles via its own ground connection cable. Early in 1952, an 


engineering model of the launcher-loader was used successfully in the 


firing of three test rounds at WSPG. Although no damage or malfunction 


was experienced, some design changes were made in the launcher rail and 


base structure to improve the rigidity of the assenibly. 


The design of launching control and launching section operating 


equipment was completed in March 1952. On the suggestion of DAC, the 


azimuth gyro pre-set system was simplified, resulting in the elimination 


of several major equipment components f'rm the launching control console. 


A similar reduction in equipment required at the launching section level 


was accamplished by an agreement with the Ordnance Corps and the Corps of 


Engineers to obtain a small amount of 24-volt battery power from the 


engine generators supplying prime power to the system. 


The construction and delivery of launchers for the first prototype 


battery fell behind schedule because of a nation-wide steel strike in the 


summer of 1952. Although a full complement of launchers was scheduled for 


delivery to WSFG by September 1952, only the four required to equip 


Section A had been delivered. (The launcher-loader installed in Section A 


is shown in Figure 31. ) The remaining launchers to complete the first. 


Fig. 31. NIKE I Launcher-Loader Installed in Section A 


(EL% Photo, Oct 52) 


Fig. 32. 
NIKE I Missile Checkout Equipment 


(B~Z 
Photo, Oct 52) 


lhl 


battery for contractor's tests were delivered in January 1953; launchers 


for the second and third prototype batteries were scheduled for delivery 


in March 1953. 


Early tests of the production launcher indicated the need for some 


changes, one of which involved a revision of launcher operating power 


package requirements to include a more severe duty cycle and a lower 


electrical voltage supply. These changes, along with pump priming diffi- 


culties and an originally marginal motor, cmibined to- 
cause unsatisfactory 


operation. However, acceptable operation was attained by insuring an 


increased minimum voltage and by priming the hydraulic pump properly to 


prevent galling and subsequent high torque and heating characteristics. 


The original 5 horsepower motors were later replaced by 73 horsepower 


motors. In addition, the missile test power package required the addition 


of an "unloading" value to obtain correct starting characteristics against 


full hydraulic load. 


Late in 1952, joint Army-contractor missile loading tests were tor,- 


dueted at WSFG 


significant in 


all the duties 


been .estimated 


with excellent results. These tests were particularly 


that they were conducted with Army enlisted men performing 


that would be required in an actual engagement. l5 It h d 


previously that about 4& minutes would be required for one 


complete launcher loading sequence. During the test, which was made in 


daylight, the entire operation was completed in 2 minutes and 15 seconds 


by three men and in 2 minutes and 27 seconds by two men. This reduced 


time suggested, among other things, the possibility of reducing the number 


15. The men proceeded to the launcher, removed an empty rail, moved a 
new round from the ready rack to the launcher, made all connections 
and tests, then returned to the dugout. 


of Launchers in a battery without affecting the rate of fire. 


Cable System 


The inter-unit cabling system for the NIKE battery consisted of 


approximately 150 reels of portable cable. Many of these cables were 


standard Ordnance or Signal Corps types then under procurement for other 


projects; however, a few had to be developed especially for the N m j 


since no existing cable could be found to fulfill the specialized require- 


ments. Cables in the Latter category consisted mainly of multi-coaxial 


lines and special forms of shielded conductors. One cable xith particu- 


larly stringent requirements was composed of 3 R G ~ / U type coaxial 


conductors encased in a single sheath. 


In designing connectors for the special cables, standard Ordnance 


connector shells were used, with special inserts being provided for the 


coaxial and shielded conductors. A l l other connectors were standard 


Ordnance or Signal Corps types. Because of the large number of connector 


requirements in the KlXE System and the importance of weight reduction, 


all Ordnance type connectors were made of aluminum alloy rather than the 


conventional bronze. The resulting weight reduction was especially 


Important in portable units, such as launching section equipment, that 


contained a great number of connectors. 


The Missile-Booster Combination 


In establishing the production design for the missile-booster com- 


bination, emphasis was placed on further simplification of basic designs 


and more cmplete division into independent subassemblies to facilitate 


assembly, storage, and stocking of spare parts. Small subassemblies, 


such as those in the hydraulic system, were designed so that they could 


be separately assembled, bench-tested, and inserted in the missile as a 


complete unit. The maximum possible use was made of die-formed materials. 


All drawings were continuously reviewed in an effort to reduce manu- 


facturing time and the use of critical materials. 


As noted earlier in this study, the missile for the tactical system, 


as viewed late in 1950, was almost identical to that of the final R&D 


Test System (~odel 
490). Even after two years of concentrated design and 


test effort, the external configuration of the missile-booster com- 


bination had changed but little, though a nuplber of internal design 


changes had been made to improve system reliability. 


The first series of 1249 test missiles took form late in 1951 and 


flight firings from original launching equipment began in February 1952. 


At the end of December 1952, 68 missiles of various desigas had been 


flight tested at WSPG to prove component performace preparatory to con- 


tractor evaluation tests which were to begin in January lg52.16 


The design of the initial 1249 Model shown in Figures 33 and 34 was 


established early in 1951. Production drawings for the missile and 


booster were completed in October and 20 rounds were hand-built on 


temporary tooling for use in the 1952 experimental program. 


Hydraulics 


The missile control surface actuating system was designed to 


incorporate Improvements derived f'rom the NIKE 490 program. The forward 


control fin torque shafts were designed as one-piece units, potentiometer 


drives were revised to obtain a more direct actuating mechanism, a lanyard 


16. The results of these tests (Rounds 81, 84, 85, and 93 thru 157) 


incl. ) are recorded in Appendix 11, along with other tests con- 
ducted as part of the continuing R&D (~mprovement) Program. 


Fig. 33. NIKE I missile on launcher-loader 


(BTL Photo, Sun 52) 


Fig. 34. NIKE I mlssile erected on launcher-loader 
at WSPG (BTL Photo, Jun 52) 


' \. 


was designed to actuate the shut-off or "arming" valve as the missile 


leaves the launcher, and the control surface hydraulic locks were removed 


in favor of an electronic means for zero-positioning of the fins during 


boost. The operating pressure was increased from 1800 to 2000 psi* for 


better efficiency; the accumulator air charging pressure was reduced from 


6500 to 3000 psi, enabling the system to be charged in conJunction with 


the power plant pressurization system. As a result of this change, a 


much larger air storage tank was required for the hydraulic system and 


the oil supply volume had to be decreased. The transfer valves were 


similar to the Model 5-7 valves but contained improvements developed 


during the current research program. The servo system networks were 


basically the same as those under development in the NIXE experimental 


program. 


GS-15530 Guidance Section 


The missile guidance equipment was contained in a cast section of 


the missile body exknding between stations 44.750 and 75.781. 
(~ote 


location of Guidance Section in Figure 35.) 
The magnesium casting was 


designed to mount four GS-15398 antennas and to house the GS-15385 Guid- 


ance Unit and the Government-furnished B B - ~ ~ / u 
nickel-cadmium battery. 


It was equipped with sealed bulk-heads and access openings so that the 


internal pressure at launch would be maintained in flight. The four 


antennas mounted on the surface were electrically similar to the antennas 


used on Model 484 and 490 experimental missiles, but the fairing design 


was improved to reduce drag. Two of the antennss were used to receive 


X-band internogations and commands fram the missile tracking radar; the 


* Pounds per square inch. 
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Fig. 35. NIKE I Missile 


(BTL Drawing, Apr 52) 


other two transmitted responses to the missile tracking r a w as an aid 


to missile acquisition in tracking. The GS-15385 Guidance Unit was cam- 


posed of six major components; viz., the Gyro Unit, Parer Unit, Beacon, 


RF Transmitter Wave Guide, Control Amplifier, and the Steering Order 


Demodulator. 


Exploratory design work on this equipment was started late in 1950 


and intensive design effort was.initiated in February 1951. By the time 


Ordnance drawing forms first became available for use, the Guidance 


Section manufacturing information was about 80$ complete. To avoid con- 


fusion, the information was completed on BTL manufacturing drawing forms 


4 


and the initial equipment built from these drawings was designated as 


the " N E E I Prototype Missile Guidance ~ ~ u i p e n t . 
"17 Wufacturing infor- 


.. . 
.' . 


mation for the 
-- 
- production lot of 1,000 ~uidance.~ectio& was then prepared 


on Ordnance forms by a BTL group at WECols Hawthorne plant. This 


manufacturing information, taken from qegatives of the prototype drawings, 
<- 
was released for production on 15 September 1951. 


The only serious problem in connection with productione of the guidance 


section concerned procurement of reliable gyros. Fram the inception of 


the production program, an excessive rejection rate existed at the gyro 
. . 


manufacturerls plant, and a further high rejection rate persisted in 


acceptance testing of these gyros at WECo. A review of the rejection 


records revealed both design weaknesses and.poor quality control. These 


difficulties not only caused.the productiion of guidance sections to fall 


17. Prototype equipment referred to here included the first 152 Guidance 
Sections built by WECols Winston-Salem plant for use in the 1952 
experimental program. A low rate of production was maintained to 
permit introduction of changes dictated by needs of the experimental 
program. 


behind schedule, but also interfered with the production of flyable 


missiles for R&D tests at WSFG. Following a review of the problems in 


December 1952, acceptance of gyros from the manufacturer was suspended 


until the production and design weaknesses could be corrected. Because 


of the already luw production rates, this decision also stopped production 


of guidance sections. The necessary improvements were accomplished on a 


top priority basis and delivery of small quantities of gyros was resumed 


in April 1953. Before quantity production could be resumed, huwever, it 


was necessary to correct another design error in the Amount Gyro which 


had caused a large number of missile flight failures at WSFG. Quantity 


production was resumed in June 1953. 


Meanwhile, work was started on a complete mechanical redesign of the 


guidance section, with the objective of increasing operational reliability 


and ease of maintenance and manufacture. This work was later completed 


as part of the improvement program. 


Aerodynamics 


Studies to evaluate the effect of production tolerances on missile 


performance were completed late in 1951. Included in these studies were 


such factors as surface roughness, the effect of missile body component 


alignment on stability and control, and the effect of weight tolerances 


on center of gravity location. A surface roughness of plus or minus 250 


micro-inches, compared with one of plus or minus 125 micro-inches as 


originally planned, was found to be aerodynamically acceptable, in that 


it did not increase drag appreciably. Moreover, it was found that this 


production tolerance would reduce manufacturing costs by 1846. 


NlXE flight trajectories obtained from the system tester were used 


to determine the effect of variations in missile drag, end-of-boost 


velocity, missile weight, initial turn canrmand, and glide c~nm~nd. 
Com- 


putations based on data f'urnished by ABW on the booster rocket, JATO, 


2.5 DA 59000 X 216A2, indicated an end-of-boost velocity of 2,035 feet 


per second at 3,650 feet above sea level, Kith the conditions being a 


missile-plus-booster weight of 2,369 pounds, launching at sea level, and 


a powder grain temperature of 77'~. 


To avoid a hold on production, the decision was made late in 1951 to 


place the missile center of gravity (CG) at Station 141.8. 
However, to 


improve aerodynamic stability at altitudes above 30,000 feet, it was later 


necessary to move the missile CG location to Station 139.0. This was done 


by changing the weight and shape of the center and aft warheads. 


Missile Power Plant System 


The acid-gasoline power plant system designed for the 1249 missile 


contained an uncooled engine with a Graphitar ceramic chnmber lining anti 


a Niaphrax ceramic throat to protect the chaniber against combustion tem- 


peratures. It used JP-3 jet aircraft fuel and white f'uming nitric acid 


as the oxidizer, w i t h the starting propellant being the same aniline- 


alcohol mixture used in the NIKE R&D acid-aniline power plant system. 


Static tests of this motor were started at the Aerojet Engineering Corpo- 


ration in 1950. The first flight test-made at WSFG as part of the NIKE 


490~ 
Supplementary Firing Program early in 1951-was frustrated by an 


explosion at motor start and further flights were discontinued until more 


static tests could be made.18 
The problem of motor explosion at the end 


* Allegany Ballistics Laboratory. 
. 
18. Note test results of Round 63 in Table 8, Appendix 5. 


of the burning period was solved by the use of an interlinked-d1aph.r- 


type propellant valve, which was designed to control the initial entry 


of propellant into the motor and to autamatically shut off the fuel 


flow after a specific drop i n motor chardber pressure. 
Flight tests of 


the power plant system were resumed in February 1952, with the firing of 


the first 1249 experimental missile .19 


Based on propellant studies and tests conducted late i n 1952, the 


decision was made t o change frcnn JP-3 to 'JP-4 fuel for all NIKE firings 


The Booster 


Like other components of the 1249 system, the tactical booster took 


its origin from corresponding equipment developed for the R&D t e s t model. 


The basic design and performance characteristics of the R&D and tactical 


boosters, however, were quite different, wen though the operational 


concept of the lJIKE two-stage propulsion system remained the same. 
To 


obtain the desired missile performance characteristics, the tactical 


booster was required t o produce a much greater thrust, have a consider- 


ably less gross weight, and exhibit a shorter burning time. 
The l a t t e r 


factor was particularly important, i n that it would reduce the w e r a l l 


time of missile flight t o impact and therefore govern the maximum firing 


rate of the NIKE Battery. 


The solid propellant booster for the NIKE AJAX was based on the 


19. Note test results of Rounds 81, 84, and 85, Appendix U. 
20. JP-4 fuel-a 
hydrocarbon between gasoline and kerosene-was 
later 
adopted as the most desirable fuel for the final NIKE System; how- 
ever, for satisfactory low temperature operation of the missile 
power plant, a special fuel had to be developed t o solve the prob- 
lems of icing and combustion instability. 


Navy's TERRIER booster, which was adopted for use in the NIKE System very 


early in the TERRIER development program. This was made possible by the 


similarity of the two systems, both of them being antiaircraft guided 


missiles.21 
However, there were two basic differences in these system 


that dictated same variation in booster design and performance character- 


istics. Mrst, the TERRIER was a ship-launched missile; the KXE, of 


course, was ground-launched. Second and more Important, the TERRIER was 


a beam-guided missile (or a radar beam rider) and two missiles could be 


launched on the same radar beams; whereas, the IUXE used cnmmnnrl-guidance 


or ground control, this limiting the firing rate to one missile at a 


time because of radar waves. 


In conducting R&D tests of the NIKE System, three different types 


of Jatos were used: the heavyweight Jato, 3-D~-47,000 X201A3; the light- 


weight Jato, 2.5-DS-59,000 ~2l6A2; end the lightweight 3-fin Jato, 2.5- 


DS-59,000 XM5. 
These Jatos were developed by the Allegany Ballistics 


Laboratory (ABL) for the Navy end were supplied to the Army for use wlth 


the NIKE. The XM5 Jato-later designated the M5 Jato and classified as 


standard type-represents the Ordnance Corps version of the ~ 2 1 6 ~ 2 
Jato. 


To supplement the engineering tests performed by ABL on the ~ 
2 
1 
6 
~ 
Jato, 


21. An article written in Dec 56 by k j Gen H. N. Toftoy, then CG of 


Redstone Arsenal, indicates that the TERRIER was, at one time, in 
direct capetition wlth the NIKE. While Army Ordnance "never lost 
confidence in the successful conclusion of Nlke I," the Army decided 
(sometime in 1951-52) to use the Navy's TERRIER AAGW "as an interim 
weapon" since time schedules indicated that it would be operational 
sometime before the NIKE. 
However, before a suitable ground control 
system for this ship-launched missile could be developed, Navy time 
schedules had slipped to the point where N M E would become avail- 
able for operational use first, end the Ordnance-developed TERRIER 
- 
ground equipment was transferred to the Marine Corps. Army Infor- 
mation Digest, Dec 56, p. 33 (ARGMA Hist File). 


certain tests were repeated and additional tests performed on the XM5. 


22 


The tentative design and performance characteristics of the 1249 


prototype booster were thus based on the lightweight ~ 2 1 6 ~ 2 
Jato. Spe- 


cifically, the booster rocket for the tactical system was to produce 
0 
59,000 pounds of thrust at 60 F and attain an end-of-boost velocity of 


about 2,000 feet per second within 2.5 seconds burning time at 6o0~, 
this 


representing an average acceleration of about 25g. It was to have a 


total energy (impulse) of 147,500 pound seconds and a speelflc Impulse 


of 202 pound seconds per pound. The weights and dimensions of the booster 


were tentatively established as follows :23 


................ 
Length 
I2 feet 
Diameter.............. 
16 inches 
.... 
Gross Weight,..... 
1,175 pounds 
Propellant Weight,..,. 
730 pounds 


For flight stabilization of the missile-booster combination, three fins 


with an %-inch circular span were mounted about the aft end of the 


booster. Thrust was transmitted through a socket structure fitted over 


the missile's boat-tailed aft section. When joined together, the missile- 


booster coxtibination was 31* feet long and weighed about 2,325 pounds b t 


firing. 24 


The Warhead 


a) The three-section fragmentation warhead initially designed for the 


I249 missile was essentially the same as that used in Model 491 (live 


22. Engineering Test Report of Jato, 2.5-DS-59,000 XM5, Ord Missile Labs, 


Redstone Arsenal, dated 9 Jul 54 (ARGMA Tech ~ib). 


23. As noted in Appendix 6, the R&D booster had a vacuum thrust of 
49,760 lbs., a burning time of 3.5 seconds, and an average gross 
wei t of 1,556 111s. 


24. BTL $" 
DAC Report: "NME I - A Surface to Air Guided Missile System," 
1 May 51, pp. 52-55, 58 (ARGMA Hist File). 
Note results of initial 
R&D tests using W Jato, Rounds 96-100, Appendix ll. 


(L3 nuhead) R&D missiles. It was designed and arranged in the missile so 


as to fill an almost spherical burst volume with high velocity fragments. 


The two main warheads for the center and aft sections of the missile were 


barrel shaped, identical in design, and weighed about 150 pounds each. 


Fragmentation material consisted of a two-layer wrapping of rectangular 


steel wire, notched at intervals to form about 30,000 fragments, each 


weighing 30 grains. The high explosive charge was RDX Composition B; 


charge-to-metal ratio, 1.25; fragment velocity, 6800 to 7000 feet per 


second. The dome-shaped warhead for the nose section wefghed between 11 


and 13 pounds. It contained a section of individual 30-grain cubical 


steel pellets set in a resin matrix with an explosive charge proportioned 


to produce a fragment velocity of 4500 to 5000 feet per second. The t o m 


warhead was designed to deliver a high order of tactical damage within a 


20 yard radius.25 


@) Ground tests made in 1992 Indicated that the warhead fragment desie 


weight should be increased, since the material designed to form 30-grain 


fragments had a tendency to break into fragments weighing about 21.5 


grains. Accordingly, studies and tests were conducted to determine the 


relative effectiveness of 30-grain versus &-grain fragments. While tests 


indicated that no significant change in warhead effectdveness could be 


expectkd from increasing the fragment weight to 60 grains, the vulner- 


ability estimates used were far more reliable for 60-grain fragments. 


The main change appeared to be noticeable on individual components; engine 


kills were increased, while pilot kills decreased. Based on these test 


results-and the fact that fuel line fires would represent a major source 


- 
25. BTL/DAC NIKE I Report, op. cit., pp. 56, 61-62. 


($ of d-ge 
in the event of poor guidance-it was decided to adopt the 


60-grain fragments for NIKE warheads as they possessed additional pene- 


tration capabilities and retained sufficient energy to inflict "A" damage. 
I) 
Meanwhile, the decision was made to m w e the missile CG location 


slightly forward in an effort to improve aerodynamic stability. This 


was done by increasing the center xarhead from 150 to 179 pounds, and 


reducing the aft warhead from 150 to 122 pounds. To fit these new designs 


into the same missile sections, it was necessary to reduce the length of 


the aft warhead and design the center xarhead with a long cylindrical 


center to bring it up to weight. 


To determine the fragmentation characteristics of the new warhead 


designs, a series of tests was conducted using three different types of 


material; viz., internally notched wire wrap similar to that used in the 


150-lb. (~22) 
warhead; preformed cubical frseplents with an outer alumifm 


cover; and preformed cubical fragments imbedded in a matrix and an outer 


aluminum cover. Since tests showed very little difference in performance, 


it was decided to devote all further development effort to warheads com- 


posed of preformed frseplents imbedded in a matrix with aluminum coversOg6 


While no significant difficulty was encountered by Picatinny Arsenal 


in the design and production of acceptable fragmentation warheads, the 


progress made on improvements to the T93E1 Arming Mechanigm by Frankford 


Arsenal was something less than satisfactory from the very beginning. 


For the initial R&D program, 500 Arming Mechanisms were ordered, 100 of 


which were to be delivered in Noveniber 1951 for warhead tests at Picatinny 


26. Research and Development Annual Guided Missile Report, DA, 1 Oct 5'7, 


pp . 35-37 (ARGMA Tech Lib - R-23370) . 


Arsenal. At the end of February 1952, no arming devices had been re- 


ceived for tests at the arsenal. The Ordnance Officer at BTL reported 


that sufficient quantities had been received for firing at WSPG, although 


"the quality is not much better than the first erprimental lot of 100 ."27 


The inferior quality of the T93E1 Safety & Arming (%A) Mechanism- 


as witnessed by test failures at WSPG during the first six months of 


1952-prompted the decision to use two %A mechanisms In parallel in each 


missile to increase the reliability of warhead detonation. This required 


the addition of one primacord lead in the detonating assembly. 28 


In spite of repeated efforts to expedite production of acceptable 


S&A devices, the situation was still unimproved at the end of 1952 and 


no warhead rounds had been tested at WSPG. 
In October, the Ordnance 


Officer at BTL arranged for representatives from Picatinny and FLFankford 


Arsenals and Eastman Kodak to go to WSPG to obsenre test data and discuss 


the difficulties being encountered Kith the T93E1. Referring to this 


- 


27. 
Project NME AOTL Report for Feb 52, Report #l8, issued by Lt Col 
Robert E. May, 6 Mar 52, pp. 5-6 (ARGMA Tech Lib - R-8585). 
Numerous instances of S&A device malfhnction are recorded in Appendix 
11-note particularly those rounds fired in 1952. For example, the 
S&A device in Rd 81 was inoperative; the missile was not detonated 
and continued to impsct. 


28. As originally designed, the detonating cord assembly consisted of 
four primacord links or leads connected to a single detonator which 
provided explosive train Initiation from one T93 S&A device to the 
three warheads. To further explain the detonating process, the 
detonator is located in the arming device which keeps it short 
circuited and physically separated fram the primacord link until 
two sequential events have occurred. First, the missile must attain 
a predetermined velocity Kithin a specified time. The completion of 
this event starts a timer that arms the burst system after a delay 
sufficient to insure that the missile is separated from the booster 
and in normal flight condition. To Fulfill Army specifications, the 
detonator must be capable of being electrically ignited by either 
the camrnand or fail-safe system. Note test results of Rds 93-95> 
Appendix ll-missile went out of control, began to tumble, and was 
destroyed by "fail-safe" detonation. It was such characteristics 
as these, incidentally, that led to change in eG location. 


session, Colonel ZleRoy reported: "Everyone agreed that something should 


be done. To date nothing constructive has been done... "29 With the 


contractor evaluation tests scheduled to begin early in January 1953, no 


production T93E1 mechanisms had been accepted as of December 1952. (The 


first production lot of mechanisms delivered by the contractor-M. 
H. 


Rhodes Company-did not meet specification and was rejected by Frankford 


Arsenal. ) Meaarhile, to provide S&A mechanisms for scheduled test firings, 


Frankford Arsenal called in a l l the T93 (inert)mechanisms and loaded them 


at WSFG. These, plus 14 T93E1 mechanisms (from the rejected lot) provided 


the project with a total of 65-enough to last until about 1 February 


At the end of January, there were no arming mechanisms available for 


use at WSFG, except a few reserved for special purpose. Until more SkA 


devices could be obtained, an inertia switch was used in some tests; 


however, warhead rounds could not be flam without S&A mechanisms. Infor- 


mation from F'rankford Arsenal indicated that the first production S&A 


devices would not be available before April 1953. 31 


Late in February, it was decided that a special T-18131 detonator 


would probably meet NIKE arming requirements. This detonator would fit 


the rotor of the mechanism with no modification; and, since all production 


29. Project NlXE AOTL Report for Oct 52, Report #26, dated 5 Nov 52, pp. 
4-5 (!Tech Lib - R-8564). 
30. Projdct MDU3 AOTL ~ e ~ o r t 
for IWv-Dec 52, Report #TI, dated 2 Jan 53, 


pp. 12-13 (~ech 
Lib - R-12112). 
31. In his liaison report for Jan 53, Lt Col LeRoy pointed out that the 
program schedule was "over one year later than planned in 1951. 
Considering the simplicity and unit cost of around $35.00, it is 
most difficult to understand why the program has slipped a year.... 
this office has pointed out...monthly ... the unsatisfactory progress 
being made. . . ." AOTL Report #28, 2 Feb 53, pp. 7-8 (Tech Lib - 
R-12ll3). 


models of the T93E1 would have to be modified ansrway, the placement of 


this special T-18E3 detonator in the rotor should present no particular 


problem. 
Pending delivery of this new detonator, an effort was made t o 


solve tde problem by increasing the explosive component of the current 


detonator by about 50$. 32 


Yet, the mME detonating train continued to present a serious 


problem,' both from an engineering and availability viewpoint. 
The f i r s t 


practical demonstration of the warhead system under the 1249 R&D program 


was successful. 
However, two out of the next three 1249 rounds were 


failures and the warhead did not detonate until impact. 33 It was thus 


obvious that the change in the detonator had not solved the problem and 


that immediate action would have to be taken to avoid delay of the con- 


tractor demonstration scheduled for 20 April 1953. 


The f i r s t positive action to solve the problem and expedite the pro- 


gram came on 23 March 1953, when a meeting was held a t Picatinny Arsenal. 


Three courses of action were agreed upon: (1) Modify the T93 Arming 


Mechanism to contain a stainless steel jacketed T-18E3 detonator in present 


rotor, change the PETN relay by placing a jacket around it, and reduce the 


a i r gap between detonator and relay; (2) Modify the T93 to contain a 


tetryl,stem in a metal rotor and place a T-18E4 detonator external to the 


mechanism to line it up with tetryl stem (in rotor) when in armed position 


(PETN relay jacket and reduced air gap would also apply); and (3) Design a 


new type of detonator to contain 85 gr. milled azide and 85 gr. PETN with 


a standard carbon bridge (PETN relay jacket and reduced a i r gap would also 


32. 
AOTL Report for Feb 53, Report #29, 4 h r 53, pp. 7-8 (Tech Lib - 
R - 1 2 ~ 4 ) . 


33. 
See Appendix 11, Rounds 160, 168, 176, and 177. 


apply) . 


The first course of action was adopted, mainly because of the time 


element involved. Four T93E3 Arming Mechanisms were modified accordingly 


and installed in l249B missiles for R&D flight demonstrations of the 


warhead system on 31 March and 3 April 1953. A l l of these flight tests 


were successf~l.3~ And ground tests were equally successful. 3 5 


Before closing the warhead discussion, it is perhaps worth noting 


that the Arming Mechanism was the only NME Missile conqonent that had to 


be used two in parallel for reliability. 


Contractor Evaluation Tests (Jan 53 - May 53) 


Plans were first made to move the prototype ground equipment from 


Whippany, New Jersey to WSFG by air transport planes; however, this was 


ruled out by the priority use of transport aircraft for overseas ship- 


ments. It was then decided to move the equipment by truck-drawn convoy. 


This eleven-day, 2,610-mile trip-beginning on 25 October and ending on 


4 November 1952-provided a thorough road test of both the vehicles and 


guidance equipment. To obtain satisfactory high speed operation, several 


changes were necessary in the springs and shock absorbers of van type 


trailers. These changes were made during stop-overs, so that the rest 


of the trip served to demonstrate that proper correction had been made. 


Upon arrival at White Sands, all'vehicles operated satisfactorily and the 


changes were incorporated in production trailers. Initial operating tests 


of guidance equipment shared no trace of damage resulting from the road 


trip. 


34. Note test results of Rounds 194 thru 197, Appendix ll. 
35. AOTL Report for Msr 53, Report #30, 3 Apr 53, pp. 5 ff. (Tech Lib - 


~-l2ll5). 


Upon completion of system checkout tests, a number of dry runs were 


conducted with operating personnel going through the motions of shooting 


a missile against the target provided by the System Test Set. During 


these tests, a l l phases of battery operation were observed, including the 


smoothness of operation, the adequacy of control, displays, exchange of 


information, and other details of battery operation as a unit. These 


trials were made with military personnel at all operating positions with 


the exception of the Battery Control Officer position, which was manned 


by a BTL engineer. After the dry runs had shown that the battery would 


operate smoothly, actual flight tests were conducted with military 


personnel continuing to man all but one of the operating positions. 


The primary objective of the contractor evaluation tests was to 


demonstrate that the NIKJ?, System would perform in accordance with the 


design intent under actual field conditions. The tests were also designed 


to provide an opportunity to locate and correct any design deficiencies 


which existed in the equipment. A series of 48 successful firings was 


planned; 49 missiles were actually fired. 


The first missile (~ound 
301~) 
was fired on r( January 1953; the 


last one (~ound 349~) 
on 12 May 1953. Seven (7) of these rounds were 


fired at fixed space points; 26 at a moving and usually maneuvering simu- 


lated target generated by the System Test Set; 6 at QB-17 drone aircraft; 


and 10 at QF~F 
drone aircraft. 


Of the 49 rounds fired, 21 (435) were completely successful with 


miss distance consistent with the design intent; 11 (22.54) achieved a 


"qualified" intercept; and 17 (34.55) did not reach inter~e~t.3~ 
All 


36. Missile firings classified as follows: Successful - those rounds 


but four of the "qualified" and unsuccessll rounds exhibited malfunc- 


tions which could be attributed to missile components. However, since 


the contractor's tests were designed mainly to test the ground guidance 


and control equipment, the data recorded did not allow a definite 


determination of all troubles occurring in the missile. Four rounds 


contained telemetry equipment to provide an added check on performance 


of the guidance system. The telemetry records obtained were generally as 


expected. In fact, these records were later instrumental in verifying 


the fact that 14 (possibly 18) of the "qualified" and unsuccessll flights 


were caused by a design error in the roll Amount Gyroscope. This design 


error was traced back to a change in the gyro caging mechanism, which had 


been introduced late in 1952. As the result of an increase in weight of 


a caging clutch part, the missile either roll stabilized in the wrong 


plane or, in the extreme, the gyro was tumbled and no roll stabilization 


was obtained. This design error was not found and corrected until after 


the contractor tests had been completed. 


Six of the seven warhead rounds successfully reached intercept. One 


of these rounds, fired at a &B-17 drone aircraft, had a miss distance of 


16.3 yards and resulted in destruction of the drone. 


Observation of radar operation during missile firing verified the 


design philosophy embodied in the automatic circuits incorporated in the 


missile radar for accepting and rejecting missiles and for slewing to 


the next designated launcher position. During the rapid fire test, in 


reaching intercept with no malfunction; Partially Successful or 
"Qualified" Intercept - those rounds reaching intercept with some 
qualifying ground equipment or missile malf'unction; and Unsuccess- 
ful or "No Intercept" - those rounds not reaching intercept due 
either to ground equipment or missile failure. 


particular, six missiles were launched in 5 minutes and 50 seconds. 


The last twelve rounds were fired from an alternate site, so located 


with respect t o the launching area that normal missile paths to the i n t e ~ 


cept point would pass almost directly over the missile tracking radar. 


These nover-th&h~ulder" tests were designed t o prove-in the automatic 


circuitry which directs the missile around the missile radar. 


Moving t o the alternate s i t e prodded some experience i n taking down 


and setting up the ground guidance and control equipment. 
The move, which 


involved hauling the equipment about two miles, was completed with a 15- 


man crew in about 20 working hours from the t h e parer was turned off at 


one location and turned on at the other. 37 


In summary, it was the general consensus of opinion that these 


evaluation tests were highly successful, in that they provided a vast 


amount of essential information concerning the limits of system operation, 


as well as important design information necessary to correct deficiencies 


and improve system reliability. It was thus possible to introduce over 


4000 changes in manufacturing information within a very short time and t o 


incorporate in the i n i t i a l production units a number of very v i t a l design 


improvements. 38 


The f i r s t prototype model of NME Battery equipment, along w i t h the 


prototype model of Assembly Area equipment, was turned over to the 


Ordnance Corps at USE on 15 igy 1953.39 


37. 
NIKE I Contractor's Test Report #E, BTL, dated 1 Apr 54; and NIKE 
I Progress Report #6 (Lib Index R-16734), BTL, dated 1 Aug 53 (both 
documents in ARGMA Tech Lib). 
38. 
Project NME AOTL Report for Msy 53, Report #32, dated 4 Jun 53, 
pp. 2 f. (Tech Lib - R-12117). 
39. 
Second set of battery equipment was shipped by rail t o USE, used 
for one month in contractor's school, then transferred t o Fort B l i s s 


System Tmprovement and Final Design 


Following the evaluation tests on prototype equipment and continuing 


until June 1955, the contractor's R&D effort was directed toward the 


improvement of system performance and correction of certain shortcomings 


in design which were not uncovered in the extremely short interval 


between development and production. 


With the classification of the NIKE AJAX Guided Missile System as 


standard type in April 1955, R&D effort was substantially reduced. While 


the system improvement program still held high priority, the design effort 


was drawing to a natural close in favor of the improved second generation 


NIKE system. Logistic Directive 178, later issued by the Secretary of 


the Army, directed that modifications to NIKE ground equipment after 


1 August 1955 be limited to those which would materially improve the re- 


liability, performance, or safety of the system. It was Further directed 


that modifications after 1 July 1956 be limited to those which would 


improve the safety of the system. 


The progress made in the improvement progrem is reflected in the 


account of FWl test firings presented in Appendix 11. There is neither 


time nor space to cover all of the system modifications and improvements; 


however, there are some that warrbt at least brief =ntion. 


@) First, and perhaps most important, were the modifications designed 


to increase system resistance to enemy electronic countermeasures (Em) 


and to friendly interference. The Weapons System Evaluation Group (WSEG) 


tests were started in 1958 to determine the effectiveness of NIKE MAX 


for other school uses; the third set was assigned to contractor for 
use in engineering studies. This equipment delivered under Contract 
ORD-3182. 


radars in the presence of ECM. 
This program, conducted in coordination 


with the Air Force, was designed to meet the 1960 en- 
ECM threat which 


could seriously reduce the effectiveness of our air defense system. 40 


I)) A computer modification was made to improve system accuracy against 


maneuvering targets and eliminate low bursts which were caused by the 


presence of electronic noise during the last few seconds of flight. 


A lightweight, portable, combination blast pad and launcher tie-down 


system was developed for use with Field Anqy Units. 


An improved Sdi Mechanism, IQO, was developed and released for use 


with the warhead system, replacing the original T93. (Two arming devices 


continued to be used in parallel for reliability.) 


The missile was qualified for ready storage to -25OF' without the use 


of external heating. The booster originally required a blanket in ready 


storage below &, but was later qualified for ready storage to -10'~ 


without the use of a blanket. 


While these and numerous other modifications were actually being 


W e , a feasibility study was in progress to determine methods of imprav- 


ing the kill capabilities of the mME MAX System. The feasibility stud;)l, 


completed in May 1955, indicated that a stabilized sub-missile cluster 


warhead would provide a low altitude kill capability and, at the same timq 


would appreciably increase the kill potentialities at all altitudes for 


which the system was originally designed. The N 
m 
AJqX cluster warhead 


system was primarily intended as an interim weapon to meet the requirement 


for a more lethal warhead while awaiting delivery of the rmXE HWCULES 


b. ARGMA Hist Summary, 1 Jul 58 - 31 Dec 58, p. 60. Because of the 
high security classification placed on WS@ test results, complete 
information could not be obtained for purposes of this study. 


System. It was initially scheduled to be tactically available by the 


middle of CY 1958; however, because of inadequate f'unds and design 


problems associated with the ejection and f'uzing systems, the program was 


delayed about eighteen months. The first and only sled test of the 


cluster warhead system was conducted on 12 April 1957 at the Naval Ord- 


nance Test Station, China M e , California. This test vas unsuccessf'ul. 


In June 195'7, action was taken to cancel the program because adequate 


funds were not available to continue R&D effort on a timely basis. 


With the termination of cluster warhead development, the objectives 


of the MIKE AJAX R&D Program were limited to providing technical assist- 


ance in the design and implementation of new siting plans and in the 


revision of siting criteria. The NME AYAX Project was formally termi- 


nated on 9 January 1958. Unexpended R&D funds were reprogrammed to the 


NIKE HERCULES Project for use in development of the cellular launcher. 41 


Figures 36 through 41 show the characteristics, capabilities, and 


components of the NIKE AJAX Guided Missile System in its final state of 


design. 


- 


41. O E M 36677, subj "DOA Project 516-04-001 (TU1-3000) NME-AJAX - 


Termlqtion of Development," dated 12 Dec 5'7 and approved 9 Jan 58, 
with Termination Report, DD Form 613, dated 12 Dec r( (ARGMA 
Tech Lib). 
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N I N E AJAX HYDRAULIC SYST 


The N E E MAX Test P r o m 


As a general rule, an Army guided missile system must pass through 


three distinct test phases before it is ready for package training and 


tactical employment. These phases are grouped in the following order: 


Contrsctor R&D Tests, Engineering Evaluation Tests,.and User or SerPice 


Tests. The NIgE test program, however, could iot- follow a set pattern, 


mainly because of the situation created by the "telescoped" R&D R o - 


duction program. 42 In short, the various test phases of the NIH3 System 


were overlapped in much the same manner as the develo%ent 
and production 


processes. 


Most of the flight tests were performed at White Sands Roving 


Ground.* Others were conducted at Salton Sea Test ~ a s e 
in California 


for low altitude shoots, and at Fort Churchill, Canada, for cold weather 


tests. Contrsctor facilities at BTL, DAC, and elgewhere were used for 


laboratory purposes, as were numerous Government facilities. A number 


of special tests were conducted xi# emphasis on evaluating the missile 


under conditions which could not be s W a t e d on the BTL System Tester 


but which had to be investigated to establish the operational limits of 


the system. Included in these were the low altitude and cold weather 


tests already mentioned. 


Ehgineering User Test Rogram 


The responsibility for the Army Ordnance engineering test program 


was assigned to the White Sands Mlssile Range. The initial tests were 


performed principally on prototype missiles that had been submitted by 


* Hereinafter referred to by its current name, White Sands Missile 


Range (WSMR) . 
42. Note introductory remarks on pp. 122-123. 


the contractor as final designs for quantity production. To obtain the 


maximum amount of test data in the most econdcal mRnner, the information 


obtained from contractor R&D flights was used as much as possible, and 


engineering test results were made available to the contractor for design 


purposes. In order to improve the statistical value of information 


obtained, and also to reduce the complexity of pre-flight test prepa- 


rations, the type of investigation conducted in theee two programs was 


run as concurrently as possible. 


The 1,000 NIKE Missiles (Model 1249~) 
allocated for engineering and 


user tests were divided into lots of 50, 150, 200, 300, and 400. Certain 


design changes or second source items were ineerted in each new group of 


missiies and the effect of such change on overall eyetem performance was 


assessed. This was done in order to apply a calibration factor to each 


group of tests and thus arrive at a true evaluation of system performance 


over the entire envelope of coverage without requiring duplication of 


tests any more than necessary. 43 


Amy Ordnance engineering bets were etarted in November 1952, with 


the launching of three model 1249B miseilt e from R&D ground equipment. 44 


During the period 1 December 1952 to 1 W c h 1953-while the prototype 


ground equipment was being set up and tested by the contractor-ten other 


1249 missiles (Rounds 4E thru 1 3 ~ ) 
were launched f'rom the R&D ground 


4.3. 
"Engineering Evaluation Program for lJIKE I Surface-to-Air Guided 
Missile System," Hq WSFG, Ias Cruces, New Mxico, 2 Jun 52, pp. 
1-4 f. (ARGMA Tech Lib - R-7676). 


44. Round 1E, Missile 1249B-1010, fired 7 Nov 52; Rounds 2E & 3E, 


Missiles 1249~-1014 
and 1020, fired 25 Nov 52. Tech Memo No. 67, 
. 
Hq WSFG, "Report of Firings, Month of November, 1952" (ARGMA Tech 
Lib). 


equipment. 45 


As noted earlier in this study, the prototype battery equipment was 


turned over to the Ordnance Corps on 15 May 1953 after its use in the 


contractor's evaluation tests at WSMR. At this time, the Army engineer- 


ing tests and the user or service tests were combined, in order to 


conserve time and materiel. The tests Incorporated in the comibined 


program by Army Field Forces (AFF) Board #4 stressed the evaluation of 


the system from a viewpoint of tactical usage, while those of the Ordnance 


Corps were primarily concerned with the technical and engineering aspects 


of the system. For the duration of the combined Eugineering-User (E-U) 


Test Program, flight tests were conducted by a single team consisting of 


AET (user) personnel and Ordnance Corps (engineering) personnel. Thus, 


the technical and tactical evaluation of the NIXE System was accomplished 


jointly in p&suance 
of the separate test obJectives of the Arqy Field 


Forces and the Ordnance Corps. During a later stage of the test program, 


additional user tests were conducted Independently by the AET Board #4; 


however, previously conducted tests were not repeated unless they failed 


to furnish suitable data. 46 
. . 


Flight tests under the combined E-U Test Program began In June 1953. 


At the end of December 1958, approximately 434 E-U rounds had been flown. 


Red Canyon Test Program 


.Package Training Program. With the activation of the first antiair- 


h5. Project NIKE Progress Report, BTL, 1 Mar 53, p. 1 (Tech Lib - 


R-16730). Note: During the same period (1 Dec 52 - 1 Mar 53) 39 R&D 
tests were conducted (see Rds 144 thru 182, App. ll), as well as most 
of the contractor evaluation tests which began with Round 3OlP on 
27 Jan 53- 


46. 
Report of Project No. GM-651, "Plan of Test of Amy Field Forces 
User Test of the NIKE I Surface-to-Air Missile System," AFF Bd #4, 
Fort Bliss, Tex., undated, pp. 6-7 (ARGMA Tech Lib). 


craft missile battalion in the fall of 1953, the l h ~ Y 
established a 


Package Training Pmgran at Red Canyon Range ' 
c 
~ 
(RCRC), Aev Mexico, for 


the purpose of testing new battery equipment preparatory to installation 


at a tactical site. Under this test program-which, 
incidentally, is 


still being conducted-the pennanently assigned cadre of newly activated 


NlXE batteries "prove-inn their battery equipment under actual firing 


conditions against Radio Controlled Aerial Targets (RcAT) . These tests 


subject the crew to its first actual firing experience and, in the major- 


ity of cases, are the first missile firings with the equipment. The 36th 


Antiaircraft Missile Battalion was the first tactical unit to participate 


L 


in the program which started in September 1953. 


Annual Service Practice Program, This program, started at RCRC late 


in 1954, provides essentially the same 
1 firing experience as Package Train- 


ing, except that missile firings are conducted from four production sets 


of battery equipment pennanently stationed at Red Canyon for practice 


firings. Under this program, the crews of NIKE batteries on tactical 


sites are rotated back to Red Canyon for additional firing experience 


against RCATts, in order to maintain crew firing-proficiency. Annual 


Service Practice (ASP) firings began in Hoveniber 1954. 


' .! 
Statistical Analysis of RCRC Firings. As a result of reported diffi- 


culties with firings at Red Canyon early in 1955, a special monitor team 


of contractor representatives was formed to conduct a statistical firing 


study and recommend methods for improvement of system performance and 


firing results. The RCRC monitor team findings indicated that better 


system performance could be obtained by a further study of the NME AJAX 


System under tactical conditions. Past records indicated that the causes 


for about 204 of the failures occurring at Red Canyon were unknown. To 


effect any appreciable improvement in firing results, it was important 


that these causes be identified. Because of the high firing rate, the 


tactical environment, and the econoq of using missiles designated for 


training purposes, Red Canyon was the logical place to instrument and 


fire a sample of NIKE MAX Missiles for statistical analysis. 


Performance Improvement Test Propam. Based on the findings of the 


RCRC monitor team, WSMR initiated a study, early in 1956, to determine 


the feasibility of an instrumentation program for rounds fired at Red 


Canyon. Preliminary tests were performed on suitable instruments by BTL 


and DAC resident groups at WSMR. The instrumentation program became the 


responsibility of the North Carolina laboratory in May 1956, and a team 


consisting of BTL and DAC personnel was formed. In a letter dated 20 July 
'4 


1956, the Commanding General of Redstone Arsenal authorized BTL to proceed 


with a Performance hprovement Test (PIT), Program for! NIKE MAX. 47 


The 100 mME MAX Missiles instrumented and fired in the PIT Program 


were of two design types, all with an on-site history of at least one year. 


Thirty-five (35) were early-design missiles (S/N 4192 and below) ; 65 were 


of the later design (S/N 4193 and above) and used the new GS-16725 Guidance 


Section. The tests were started at RCRC on 10 October 1956 and ended on 


13 March 1957. Based on an overall evaluation, 68 (68$) of the 100 rounds 


were successful and 32 (32%) were unsuccessful. The PIT results indicated 


that operational or personnel errors accounted for only 8$ of a l l failures, 


47. Working agreements for the PIT Program were reached at conferences 
held on 10 Jul 56 at Ft Bliss, Tex., and on 11 Jul 56 at EII~ 
AFB, 


Colorado Springs, Colo., and were covered in an Office Memo by the 
chief, RSA Field Service Div, dated 16 Jul 56. 


6) despite the complerity of the NIKE AJAX System. Recommendations made by 


the BTL/DAC team included (1) the continued surveillance of NIKE AJAX 


firings; (2) the implementation of a similar program earlier in the pro- 


duction phases of future guided missile systems; (3) the addition of an 


"operational readiness" test to the ASP firings; (4) the use of a higher 


performance target for NIKX HERCULES and future systems; (5) a more 


accurate miss-distance determination; and (6) the modification of certain 


operating procedures. It was also recommended that studies and field 


surveys be continued on such problems as missile-tracking failure at 


launch and the excessive leakage of oil from missile hydraulic valves- 


the latter condition was responsible for three of the 32 failures. 48 


NIKE AJAX Firing; Summary 


From June 1953 through December 1958, approximately 3,225 NME AJAX 


rounds were expended in the various test 
Based on information 


recently received from BTL, these test firings may be broken down as 


follo&: 
Engineer&-ker, 
434; Package Training, 834; Annual Service 


Practice, 1,957. An evaluation of these firings is presented in Figure 42. 


During the first three months of 1959, 242 more mME AJAX rounds 


were fired at the Red Canyon Range Camp, bringing the total to 3,033J;' 


1 ,-., , 
- / 


Included in these were 98 Package Training and 144 Annual Service Practice 


firings. 50 


lc8. 
Final Report, "NIKE-AJAX Performance Imprwement.Test Program," 
prepared by BTL and DAC on behalf of WECo, dated 15 Aug 57 (ARGMA 
Tech Lib). 
49. Excluding the 430 rounds expended in R89 firings from Feb 52 to 
Sep 57 (see Appendix U). 


50. NIKX AJAX Firing Summary for 4th Q r 1958, BTL (control Office, Review 
Br Files); and letter from BTL to CG ARGW, dated 2 Jun 59 (ARGMA 
Hist File). 


NIKE-AJAX FIRING SUMMARY 


ALL PROGRAMS- 
ALL PROGRAMS-ROUNDS 
ALL ROUNDS 
SERIAL #4193 A N D ABOVE 


JANUARY 1953 - DECEMBER 1958 
JANUARY 19% - DECEMBER 1958 


y//$ 
ITH QUARTER I958 DATA 


A SUCCESSFUL FLIGHT IS ONE IN WHICH N O FAILURES OCCURRED 


O N THE GROUND OR IN THE AIR AND THE MEASURED VECTOR 


MISS DISTANCE WAS LESS THAN 225 FEET 
Figure 42. 


NIKE AJAX Production and Cost Data 


Production 


($) The production of KXE AJAX Missiles and associated ground equipment 


began at the DAC Santa Monica plant in 1952 and continued on schedule 


until September 1954. At this time, a contract was signed for production 


of missiles at the Charlotte Ordnance Missile PLant. This action trans- 


ferred KXE AJAX production from the DAC plant to the North Carolina 


complex in order to establish a suitable source for quantity production 


of NIKE HERCULES Missiles. 
(1) 


In April 1956, orders were issued for the acceleration of NIKE 


HERCUIES production through new construction and conversion of existing 


MXE AJAX equipment. Under this three-year program, all NIKE AJAX 


ground equipment was to be modified to accammodate the NIKE HERCULES 


Missile. However, due to tactical needs and the lack of available AJAX 


systems, Ordnance was directed to suspend the conversion program in 


December 1956. 
4) With delivery of the first set of IVME HERCULES ground equipment in 


June 1957, production of M A X equipment was curtailed. The 350th and 


last set of 
AJAX ground equipment was delivered in September 1957. 1 


Procurement contracts were issued for 367 sets of ground equipment; how- 


ever, there were 5 conversions and 12 diversions to NIKE HERCULES, leaving 


a total of 350 sets actually delivered. 
6 ) The first NIKE HWCVLES Missile was delivered in December 1957; the 


MIKE AJAX passed from the production scene with delivery of the last 


missile in April 1958. During the seven-year period from February 1951 


(4) t o February 1958, production contracts were slgned for a total of 14,750 


r . 


lOlKE AJAX Missiles. 
A directive was issued late in 1957 t o tembate 


I? 
1,050 missiles, leaving a total of U,700. 
There was an overrun of 14 


missiles, which made a total of 13,714 AJAX Mlssiles actually delivered. 


. Contractual Cost* 


k- 
(@) The apprmdmste monetary value of contracts executed from the 


L . 
inception of the rm31E Project through its termination in December 1957 


8rnC)~ted t o $1,166,~r17,417.19 or $1.16 billlon. About $179.2 million 


of this sum went for research, bevelopuent, and design engineering; 


$947.6 million went for industrial services and supplies; and the re- 


maining $39.1 million was invested in production facilities. 51 


For details relating t o the services, supplies, equipuent, and 


facilities purchased under these contracts, the reader is referred t o 


Appendix 12. 


*To present a truly accurate account of the money spent on the NME AJAX 
during these past 13 years would be Impossible. 
A t best, the Informa- 
tion presented can only be considered fairly accurate, for there is no 
assurance that a l l contracts and supplenental agreements have been in- 
cluded. It should be pointed out, however, that Ihdustrial Mvlsion 
personnel used every record a t their dispoeal and made every effort t o 
secure accurate and complete Information. 


51. 
DF fr Industrial Mv QRIS%R-IlVB t o Control Off (XUIXR-CR, eubj 'Qequest 
for Industrial Information on the NIKE AJAX Projects," dated 29 Apr 
59, ~ / 5 
(ARGMA HIS^ ~ i l e ) . 


a 
V I I . 
DEPLOYMENT OF THE NIKE AJAX SYSTEM 


Introduction 


The chief objective of the NIKE Project was t o provide a defense 


against maneuvering aircraft at ranges and altitudes beyond those of 


conventional artillery. 
That objective was indeed achieved on 20 March 


1954 when the. f i r s t NIKE AJAX AntiaircraFt Battalion was tactically 


deployed a t Fort Made, Maryland in the Washington-Balthore Defense Area. 


Within two years, numerous other AJAX battalions had been activated 


i n fourteen critical defense areas of the United States-areas 
that 


include most of the country's big cities and dense manufacturing local- 


ities. Though conventional antiaircraft gun units continued to play 


important roles in augmenting the protection provided by NIKX AJAX battal- 


ions, they had-already been outnunhered by the NIKE as early as December 


The "ack-ackn of conventional artillery had thus given way t o the 


"Ack-Track-Smack" of the MKE. 
The guided missile era had truly &rived. 


The NIKE AJAX was here to stay-at 
least for a while. 


The Real Estate Problem 


Reduction i n Real Estate Requirements 


The amount of real estate required for a NlKE battery s i t e was 


established i n July 1950, along w i t h the design objectives and equipment 


plans for the tactical weapon. 
Yet, i n October 1952-just 
three months 


before equipment started rolling off the production line-those 
responsible 


for the acquisition of land suddenly realized that it would be difficult 


t o secure. 
Almost overnight, the reduction in real estate requirements 


for a N X E s i t e became an urgent task. 
There was no shortage of ideas 


on how the area could be reduced. The only trouble was that most of the 


ideas also reduced the effectiveness of the battery to a point where it 


would be hard to Justify use of the NIKE System. 1 


As originally designed, the equipment of the N E E battery was lo- 


cated aboveground in two separate areas: the battery control area and the 


launching area. Based on Ordnance safety regulations governing the 


surface storage of explosives, it was determined that a NIKE site would 


require about ll9 acres. Such a large amount of real estate would be both 


costly and scarce, particularly if the site should be located in some 


metropolitan section such as Brooklyn, New York. 


The only feasible solution to the real estate reduction problem came 


from the OCO Safety Office, which suggested that an underground launcher 


installation be used. This would reduce the real estate requirement for 


individual installations to about 40 acres, since the battery would become 


a magazine .2 But there were yet two questions to be answered: Would it 


be feasible to modify the present launching equipment; and if so, would 


the Army Antiaircraft Capppand (ARAAcoM) be willing to accept such a fixed 


I 


installation in lieu of the mobile system originally specified. 


I 


To fulfill requirements imposed by the Army, the NIKE launching and 


handling equiient had been designed to - provide the same order of mobility 


as heavy antiaircraft guns. It was therefore obvious that a number of 


modifications would be required to adapt the equipment to a fixed instal- 


lation. The extent and cost of such changes could only be determined 


1. Project NIKE AOTL Report #26 for Oct 52, dated 5 Nov 52, p. 6 (~ech 


Lib - R-8564). 


2. Ibid., p. 7; and AOTL Report #27 for Nov-Dec 52, dated 2 Jan 53, p. 


S e c h Lib - R-12112). 


by the actual design, construction, and t e s t of a prototype underground 


installation. 
This, of course, would take time. 


And indeed it did-the 
entire year of 1953. 
The design for the 


revised installation-prepared by the Corps of Engineers (CE) i n conjunc- 


tion with the ARAACOM-featured 
the emplacement of the launcher-loader i n 


an underground magazine, with the launcher on a l i f t which would raise it 


t o ground level for firing and then lower it for immedilate reloading. 
A 


study of this proposal by the contractor indicated that it was "generally 


practicablet1 and would not require any llma;lor" changes i n present equip- 


ment. 
The CE constructed a prototype underground installation a t WSMR 


for testing purposes and the necessary changes were incorporated i n one 


set of launching equipment (see Figures 43 ,and 44). 
A missile firing 


from this installation on 5 June 1953 confirmed the feasibility of the 


sub-surface launcher emplacement and drawings based on the i n i t i a l design 


were completed the following month.3 Iater i n 1953, however, a new s e t of 


drawings was prepared t o include a number of modifications required by the 


ARAACOM . 


During a meeting held at WSMR 12-14 January 1954-two 
months before 


the Ordnance Support Readiness Date and activation of the f i r s t firing 


unit-the 
decision was made t o employ underground launcher installations 


a t all NIKE sites within the Continental United ~ t a t e s . ~ 
The revised 


3. 
NIKE I Progress Report #6, BTLj dated 1Aug 53, p. 15 (Tech Lib - 
R-16734). 


4. The NIKE System was thus designed for dual application-one 
version 
modified to take maximum advantage of the automation possible i n a 
fixed installation, the other version adapted t o mobile field use 
in a battle area. 
The l a t t e r version is transportable by both land 
and air. The entire system can be transported on unimproved roads 


~i~.k3 
-NIKE I Underground Launcher; Interior, June 1953 
184 


Fig. 44 -NIKE I Underground Launcher; Partially Elevated with Missile, June 1953 


installation agreed to at this meeting consisted of an underground 


launcher operated in condunction with two or three satellite launchers 


at surface level. The underground launcher, which would accommodate 


either the NIKE AJAX or the proposed larger NIKE HEEWLES Missile, had 


a wider elevator and thus required a larger excavation than the prototype 


model installed at White Sands. The sub-surface space was increased to 


provide for missile storage and sufficient space was allowed for shifting 


missiles from one tier to another for checkout and maintenance. 5 


According to BTL Progress Report for period ending 1 July 1954, con- 


ponents of the Underground Launcher Adaption Equipment had been delivered 


to the "prototype installation site at Lorton, Virginia" at the end of 


June 1954 and installation was scheduled for conpletion in ~ugust.~ 
Hcnr- 


ever, the next report for period ending 1 October 1954 indicated that the 


installation was not complete until September 1954 and that "the entire 


battery is scheduled to be operative by November 1, 1954." Based or, this 


information and in the absence of any cther official or unofficial 


document to prove otherwise, it must be assumed that the Ft. Meade, 


and cross-country with 30 suitable vehicles. During an airborne 
operation, it can be transported in any of several types of avail- 
able aircrafcY. It can be in action within about seven hours &fter 
arriving at a site. DF fr Industrial Div ORDXR-INB to Control Off 
ORDXR-63, sub3 "Mobility of NME AJAX," dated 25 May 59 (ARGMA 
Hist ~ile) . 
NIKE I Progress Rept for Period Ending 1 Apr 54, BTL, p. 3 (Tech Lib). 
A magazine article published early in May 54 and containing a sketch 
and description of the Lorton, Va. instl, stated: "...The Army Anti- 
aircraft Cammand has already started work on a string of these 
installations that will eventually stretch across the...U. S. The 
first installation is under construction right now, at Lorton, Va.- 
17 mi. from Washington ... one of several...that will ring the District 
of Columbia.. . ." Business Week, May 8, 1954, p. 108. 


Msryland installation was placed "abweground". 7 


Meanwhile, representatives of the Corps of Engineers responsible for 


NME tactical sites started finalizing their site plans, based upon the 


reduced real estate requirements. In April 1953, CE representatives 


visited BTL "to discuss same of the ground rules to be followed in the 


selection and preparation of NIKE I tactical sites." 
It wds indicated 


"by the Corps of Engineersn that the acquisition and two tracking radars 


at "some of the sites" would have to be "mounted on towers 20 or 40 feet 


high." After some discussion concerning the type of tower construction, 


BTL suggested a steel reinforced concrete column with an aluminum wrap- 


ping for even heat distribution.8 In June, representatives of the Eastern 


Antiaircraft Ton;mand, the New York Gistrict Corps of Engineers, and tho 


52d and 56th Antiaircraft A~tillery Brigades conferred with BTLq s staff 


to obtain tezhnial advice relating to the "planning and layout of NIKX 1 


installetions 


In the months that followed, contractor personnel also assisted in 


This assumption was substantiated by Lt Go1 Glenn Crane, who served 
at BTL, Whippany, N.J., as Ord Liaison Off and is now asgd as Specid 
Asst to the CG, AOMC. In telecon with the writer on 15 Jun 59, Col 
Crane stated: "The first sites at Ft. Meade were very definitely 
aboveground. " 


Note the Business Week article referred to the Lorton site as 
the "first." !his apparently meant the first "underground" site, 
since Ft. Made became operational on 20 Mar 54 (telecon between the 
writer and Mr. J. L. Watson, NIKE Sec, Maint Br, Fld Svc Div, 12 Jun 
59). 
No official document could be located to substantiate the 20 Mar 
54 date, but one was found to show that Ft. Meade was operational 
before the 1 Nov 54 date cited for the Lorton site-viz., BTL Progress 
Report for pd ending 1 Jul 54, p. 4: "NME Battery No. 5 located at 
Ft. Meade, Maryland, became ignited during a lightning storm on May 3, 
1954. Three van trailers. . .were completely consumed by fire. . ." 
8. Project NIXE AOTL Report #31 for April 1953, dated 4 May 53, p. 6 


(~ech 
Lib - R-12116). 


9. AOTL Report #33 for Jun 53, dated 3 Jul 53, p. 4 (~ech 
Lib - R-12118), 


the finalization of selected s i t e plans and rendered technical advice 


based on their knowledge of system capabilities and first-hand experience 


gained i n actual firings at WSMR. 
( ~ o t e 
the layout of a typical NIKE 


Battery i n Figure 45.) 
They were especially helpfbl in recommending the 


placement of equipment at the various installations, since no two s i t e s 


presented the same problems-and 
there were problems. 
For example, the 


battery control area containing the guidance and control equipment had 


t o be located between a minimum of one-half mile and a m x i m m of three 


miles from the associated launching area; the minimum distance being 


determined by the maximum tracking capability i n elevation of the 


missile tracking radar, and maximum dii&ce 
by practical consirlerations 


of providing comrmurieations. The launchers had t o be oriented t o make 


use of a common disposal area, within which the expended booster cases 


would f d l . Caref'ul selection of the booster disposal area was necessbry 


in order t o minimize danger t o Army personnel and property, as well as 


the surrounding property and civilian population. 
An "adequate" disposal 


area was established as a circle of one mile r d i u s with the center 


located about one and one-half milts from the nearest launcher section 


(or populated are&). Referring t o the booster disposal area, the con- 


tractor stated in an early report: 


"...to permit some flexibility in the location of this area, 
the launcher-loaders w i l l be designed so that their inclination 
may be varied between 1 and 5 degrees from the vertical. 
This 
area should be selected so as to minimize the number of people 
involved. 
The normal passive defense measures should be 
especially well organized with very complete coverage by a i r 
raid warning devices, with shelters designated for every 
individual and with everyone educated to-know of the &led 
danger and the need for following c i v i l defense procedures 


caref'ully and quickly. In this way, the populace may 
continue normal living and working in this area ...."lQ 
(Underscore added). 


Public Opposition 11 


While the reduction in real estate requirements no doubt reduced 


costs and helped the program along, the construction of NME installations 


at selected sites still fell behind schedule because of public reluctance 


to see these push-button warfare devices installed in the backyards of 


the nation. Land acquisition was still the big problem. 


Objections came in every form, from official complaint by civic 


officials to absurd criticism by cranks. Real estate groups, farmers, 


and homeowners all contributed to this show-down in the national air 


defense effort. 


In large measure, the problems encountered by Army surveyors and 


engineers stemmed from a lack of public understanding as to the operation 


of NIKE installations, and, in particular, how such an installation would 


fit into the local community situation. But the unfavorable public 


reaction cannot be blamed altogether on the NIKE or public misunder- 


standing, for there was evidence of "some irritation in a few cities 


across the nation at the so-called Phigh-handed attitudet of those 


charged with land bcquisition and engineering details of the construction 


program. n 12 


10. "NIKE I - A Surface to Air Guided Missile System," BTL/DAC, dated 


1 k y 51, p. 66. 
11. No official document relating to this topic could be located; unless 
otherwise indicated, .the succeeding account is based on articles 
published in the ~nRinee 


Some of the early public relations problems possibly stemmed from 


a security regulation from Washington, which prohibited surveyors and 


engineers from disclosing why they wished to examine a landowner's 


property. "As a result, these military men were actually denied access 


to some property. Later, Army officials permitted a 'minimum of 


intelligence1 to be given the land owner ~oncerned."'~ 


Public objections were raised in virtually all of the areas selected 


for a NIKE installation, but the Los Angeles area was in a class all its 


own. The Army's decision to locate a N E E Battery at Los Angeles Inter- 


national Airport touched off an angry battle with city officials who 


argued that the missile battery would be a hazard to airport operations. 


Mayor Norris Poulson carried the fight to Washington after calling local 


Army representatives "'bull-headed'" for making what he termed a "hasty, 


shortsighted deetsion." Protesting to ~alifornla 
Senators William F, 


Knowland and Thomas F. Kuchel, and to the Secretaries of the Army, Navy, 


Air Force, and Commerce, hgor Poulson asked that the Army re-evaluate its 


"need for the site," 14 


The Army wanted to condemn same 25 acres in the greater airport 


"master1' area for the NME site. Two-thirds of this was for a launching 


site at the northwest end of the airport area; the other, sought for 


radar facilities and barracks, was on the center line of the instrument 


approach zone, a mile to the southwest. Insisting that the battery would 


not be a hazard to airport operations, the Army pointed out that the high- 


est radar mast would be 20 feet below the minimum glide path for commercial 


13. Ibid, 
14. Aviation Week, op, cit, 


aircraft even with the runway extended another 1,500 feet. 


City officials, supported by airline operators and manufacturers i n 


the airport area, based their protest on four points: 
(1) Iocation of 


facility on approach center line would be a hazard t o aircraft taking off 


and landing a t the airport; (2) NIKE radar equipment might interfere with 


the airportls electronic navigational facilities; (3) Heavy booster 


rockets that f a l l away from the missiles after launching would be a hazard 


t o the area; and (4) The -installation might affect the development of the 


airport master plan. 


Opponents of the Army plan pointed out that other land was available 


i n the area a few thousand feet t o the north and south. Brigadier General 


Francis M. Day9 Commander of the 47th Antiaircraft Artillery Brigade at 


Fort MacArthur, pointed out that location of the facility on leased or 


purchased airport property, as then planned, would cost about $740,000, 


and that "this could climb as high as $2 million i f condemnation of other 


property is required t o shift the site." 
General Day also pointed out 


that no NIKE would be fired from the installation except in the event of 


an actual attack, and that the booster rockets for the miss'ile should f a l l 


a t sea. 
"'But i f we are attacked,' the general says, ' t h e r e l l l be more 


deadly things than booster cases falling through the sky unless the 


attackers are stopped. ,1115 


Top military officials were sent t o arbitrate. They decided the city 


was right; the installation was relocated. l6 


Tbe objections posed by the general public in other &as 
followed 


. . -. - 
$. En~ineering News-Record, op. cit. 


the same basic pattern-fear 
of falling debris from booster cases, 


reduction in real estate values, damage to crops, and the possibility of 


a missile misfire or explosion.17 


Much of the public oppositioq encountered i n 1953-54 had been build- 


ing up since l a t e 1952, when the Anny announced that "...the Nike...had 


proved so effective that it would be used next year t o replace the 


conventional 90-millimeter AA guns 'at selected points throughout the 


country. 
Thia was followed by numerous other press relea& 
about 


the NIKE System, and finally a picture of the missile itself. The 


general public got its f i r s t close look a t the missile on Armed Forces 


Day, May 1953, when a number of them were placed on display throughout 


the country. But the f i r s t seeds of fear had already been planted by such 


remarks as this: "While doing their defending duty, the Nikes w i l l not 


be desirable neighbors. 
The boosters that bounce them into the air are 


big enough t o do damage when they f a l l t o the ground, and so are the 


Nikes themselves... 19 


By the end of 1956, however, these early misunderstandings had been 


replaced by the most cordial of relationships, based upon mutual confi- 


dence, respect, and recognition of the needs of national security. "What 


were initially problems i n public relations were transformed into oppor- 


tunities for public relations. 
Positive, constructive actions designed 


t o l e t the next door neighbors know his local AAA unit better, to realize 


just what these weapons could and would not do, led t o warm acceptance 


17. nia. - 
18. Newsweek, 40: 38, 20 Oct 52. 
19. -:78, 
-9 
6 Apr 53. 


and full support .w20 


The NIKE AJAX Explosion 


"Suddenly the missile blew with a roar and a sky-searing pillow 
of orange flame from burning kerosene and nitric acid fuels... 
Explosion and flame touched off seven more Nikes squatting on 
adjacent pads, blew or burned ten men to death, showered a 
three-mile radius with fragments. . ." 
21 


On a sunny afternoon, 22 May 1958, the first fatal P3m accident 


occurred at the site of Battery B, 526th AAA Missile Battalion, near the 


small towns of Mlddletown and Leonardo, New Jersey. Six soldiers and 


four civilians were killed; three men were seriously injured; windows 


were blown out of houses for miles around; the sound of the blast was 


heard for fifteen miles. The Army rushed experts to the scene fram mew 


York and Washington, D. C. The mayor of Middletown called a special town 


meeting, to which top-ranking officers of the New York Defense Area were 


invited to explain what happened. Newspaper and magazine editors were on 


hand to say "I told you so. "22 Arqy lawyers began to settle claims for 


20. Lt Gen S. R. Mlckelsen, CG, ARAACOM: "Missiles Guard the Vital 
Centers" - Army ~nfo~&tion Digest, Dec 56, pp. 100 f. (ARGMA Hist 
~ i l e 
1. 


21. ~ i m e . 
-' 
71.:16~ 
2 ~ u n 
58. 
22. 
Articles in three leading magazines were generally in agreement on 
one point: The Army had oversold its "ultra-safe" Nike; its "gospel 
of safetyts spread across the nation four years ago had been blown to 
fragments along with its seven Nikes. Excerpts from two of these 
articles &re cited below. 


Newsweek, 51: 18, 2 Jun 58: "The Impossible - Back In 1953> when 
the U.S. Arrey set up its first...missile base at Fort Meade...it ran 
into a storm of protest. National defense was of vital importance, 
the people...agreed-but 
supposing one of these monsters misfired?... 
No such misfire could ever occur, the A 
. 
replied. An official 
brochure insisted: 'It (the Nike site) is as safe as a gas 
station...The warhead is constructed to explode only In flight. It 
has a self-destructive feature so that it will not crash and explode. 
Safety precautions are taken...'...Last 
week, the impossible 


happened ...." 


Time, 71: 16, 2 Jun 58 : "Death in the Neighborhood - . . .the Army 
- 
carefully explained that the...projectiles were virtually accident- 


shattered windms and broken bric-a-brac. 


At the time of the disaster, 14 missiles were located aboveground: 


7 in A Section, 4 in B Section, and 3 in C Section. The explosion appar- 


ently originated with a missile undergoing modification in A Section. 


Here, an Ordnance team, in conjunction with the using unit, was replacing 


two I427 (T93) Safety & Arming Mechanisms with two Improved models, M30 or 


M30Al, in accordance with Modification Work Order (Milo) Y2-W20. Aside 


from installation instructions, the Mil0 kit consisted of two brackets, 


two place asseniblies, the necessary attaching hardware for the M30 de- 


vices, and two nameplates for the missile. To replace the arming 


mechanism, two of the three warheads in the missile (nose and center 


warheads weighing 12 and 179 lbs., respectively) had to be removed. A 


crater in front of the missile posit.ion suggested that these warheads were 


lying on the ground at the time of the explosion (see Figure 46, next page). 


Somewhere in the process of removing the old devices and brackets and re- 


placing them with the new ones, the missile was accidentally detonated. 


All seven missiles of A Section exploded. The nearest adjoining missile 


in B Section apparently did not explode but its booster was ignited by a 


flying red-hot pellet and it blasted into the side of a nearby hill. Fail- 


ure of this missile to explode may have saved the remaining six missiles. 


proof. A missile battery, said the Army, was no more dangerous a 
neighbor than a gas station. Last week the gas-station blew up.... 
Meanwhile, the Army had little to say about a development yet to 
come: along with two dozen other missile installations ringing 
New York CSty, B Battery is scheduled to replace its TNT Nike Ajaxes 
after this year with the atomic Nike Hercules. In the wake of 
Leonardols explosive afternoon, it was going to be hard to convince 
the neighbors in New Jersey-or around the Nikes guarding 22 other 
U. S. industrial complexes-that living alongside atomic warheads 
was still like living beside a gas station." 


ALPHA SECTION seen from direction of the Assembly building. Explosion apparently 
originated between launching position four at far left and launching position three at center. 
Arrow points to crater about three feet deep where nose and center warheads removed 
from missile that was being modified are believed to have been placed. Metal framework 
has all been extensively perforated by pellets-from ex loding warheads. 
viati ti on Week Photo, June 2, 19585 
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A Board of Officers was immediately convened by the 1st Region, 


U. S. Anqy Air Defense Command, Fort Totten, New York, t o investigate 


the accident.23 
The findings of the board indicated that the "point 


of initiation of the explosion was probably a PETN relay cap" but just 


which relay cap could not be determined. 
The "most likely causes of 


the detoWion of the PETN relay cap which initiated the disaster" were 


listed as follows: 


" (1) Excessive tightening of a detonating cord coupling more 
than finger tight. 


" (2) Use of unauthorized materials such as string, solder wire, 


23. 
For details relating t o immediate actions taken by AOMC Hq, the 
reader is referred t o Appendix 13. 


or aluminum wire around the detonating cord, next to the 
collar, in order to make the PEmS r e 4 cap fit more snugly. 


" (3) 
Cross-threading1 the detonating cord coupling nut while 
screwing it into the five-way connector or into the warhead 
adapter. 


" (4) Scraping, crushing, pinching, or otherwise damaging the 
relay cap in sane manner."24 


As a direct result of this accident and the investigation that 


followed, it was determined that an unauthorized field fix25 relating to 


MWO Y2-W20 had been applied to an undetermined number of AJAX missiles 


on site, thus creating a hazardous condition which was general throughout 


the CONUS. The new arming device was considered a vast improvement for 


AJAX missiles, both in reliability and safety of operation; however, the 


unauthorized fix eliminated the safety tolerance designed between the war- 


head initiator and the PETN relay cap on the detonating cord harness 


assembly. The elimination of this tolerance by application of the "field 


fix" created a serious safety hazard in the form of possible order deto- 


C 


nation. Accordingly, the Commanding General of the Army Air Defense 


Command (ARADcOM) notified all cummands and installations concerned that 


on-site missiles with an unauthorized fix applied "are potential safety 


hazards and further unnecessary movement, assembly, or disassembly of 


loaded msls must not occur until inspection and necessary removal by 


qualified O r d personnel.. ." It was also directed that hmediate and 


positive action be taken to stop application of the unauthorized fix and 


24. DP from Chief Fld,Svc Div to Comdr, ARGMA, sub3 "Report of 
Proceedings by Board of officers, Investigation of Accident at 
Nike Site mY 53," dated 16 Jul 58 (ARGMA Hist ~ile). 


25. Application of changes or modifications to material provided in 


MWO kit, such as use of unauthorized material to make the PETN 
relay cap fit more snugly. 


to thoroughly indoctrinate personnel in the necessity of refraining from 


the application of changes or modifications to material without proper 


technical service approval. 26 


" Operation ~ix-It" 


In June 1958, the necessary procedures, special equipment, and draw- 


ings were completed for removal of the unauthorized fix applied to NIKE 


AJAX Missiles at certain tactical sites. Five Ordnance depots (Letter- 


kenny, Seneca, Savanna, Pueblo, and U m a t i U ) were selected to perform 


the task, with personnel being fully oriented in procedures and use of 


equipment. The scope of the operation-conrmonly referred to as "Operation 


Fix-Ie1-initially encompassed only those missiles known or suspected of 


containing this unauthorized modification; however, both CONARC and 


ARADCOM agreed on 28 June 1958, that the scope should be broadened to 


include all missiles on site, in order to eliminate defective explosive 


harness assemblies. 27 


The operation was completed on 30 August 1958. In the process, a 


l00$ inspection was made of all warhead missiles within the Continental 


United States and some warhead missiles in the Ehropean 
In 


addition to checking for and removing the unauthorized fix, other dis- 


crepancies noted were investigated and corrected. Of the 5,971 warhead 


26. Multiple address TT from Hq ARADCOM, received ARGMA 7 Jun 58, RSA 


Msg #1876 (~ecord 
File, ARGMA Fld Svc Div). 


27. Ltr from Eq AOMC to COFORD, subJ "Actions Taken by Army Ordnance 
Missile Command to Remove Unauthorized Modification from NIKE-AJAX 
Missiles," dated 10 Jul 58 (Record File, ARGMA Fld Svc Div) . 
28. The Theater Coml was authorized to deviate from 100$ inspection of 
warhead msls provided resp battery pers would furnish a signed 
statement that no unauth modification had been applied to msls 
under their jurisdiction. These signed statements are on file in 
AOMC Hq. 


missiles inspected at tactical sites in the CON US,^^^ contained the 


unauthorized fix and 309 had ruptured and/or damaged relay caps. In the 


European Camand, the unauthorized fix was removed from 9 of the 10 war- 


head miesiles processed.2g 
Thus, 923 chances of another disaster had 


been caught in time and eliminated. 


Claims for Conmnrnity Property Damage (u) 


A provisional Army claims office was set up in Township Hall at 


Middletown, Hew Jersey, within 24 hours after the explosion, and claims 


were being paid within 48 hours after the incident. The claims operation 


was administered by Lt Colonel Daniel T. Ghent, Staff Judge Advocate, Fort 


Dix, New Jersey, with a staff of fifteen military and seven civilian 


personnel. 


It was originally estimated that the total claims for community pro- 


perty damage would not exceed $7,500. However, on 28 June 1958, a total 


of 85 claims, amounting to $u,982.26, 
had been filed. Eighty (80) of 


these claims, amounting to $9,522.92, had been paid, and five (5) others 


totaling $2,504.35 were still under consideration. At least two of the 


paid claims (for $10 and $261, respectively) were for damaged fire hose 


belonging to two of the seven volunteer fire departments which helped on 


the scene of the explosion. The smallest claim paid a civilian was $3 


for a broken window. 


Except for military personnel and civilian employees of the Govern- 


ment who were working at the site, no serious personal injury resulted 


29. Ltr from Hq AOMC to COFORD, sub3 "Actions w e n . 
by Anqy Ordnance 
Missile Command to Acmove Unauthorized ~odification from NIKE: A X , " 
dated 18 Sep 58 (Record File, ARGMA Fld Svc ~iv). 


from the explosion. 30 


The Shift from AJAX to HERCULES 


The 30th day of June 1958 saw the first NIKE MAX Missiles &isappear 


from their launchers at Fort Tilden, lPew York, to make wsy for the 


younger but more powerful HERCULES generation. The site wss No. 49: B 


Battery, 36 att tali on, 51et Artillery.31 
. Y,* 
This new addition to the Army's family of operational air defense 


weapons is superior to the AJAX in a number of wsys. It has a much 


greater range and velocity; it can deliver either conventional or atamic 


payloads; and it is more highly maneuverable. Unlike the A X , Its pro- 


pulslon system consists of a 14-foot booster unlt with four SOU& 
'propel- 


lant rockets aab a solld propellant austEdnermotor. Theml.ss1le itself 


is 27 feet long and has a body diameter of about 31.5 inches. The 


HERCULES requires no elaborately prepared sites but can be emplace& 


anywhere and destroy its intended targets. Morewer, it can be inte- 


grated into AJAX launching sites with only slight modification of 


ground equipment. The HERCULES has been repeatedly demonstrated to be 


the most modern and reliable surface-to-air missile system yet to become 


operational. The AJAX and HERCULES Missiles are shown in Figure 47. 
4 Before the NIKE HERCULES became operakional on 30 June 1958, 246 


of the 350 available NIKE AJAX Systems had been deployed-222 of them 


Times, 7 Jun 58 and 28 Jun 58 (ARGMA Hist File). 
NOTE: The 


30m 
q$s!'5m6' 
cited for the 85 claims is obviously in error-$9,522.92 
paid for 80 claims, plus $2,504.35 for the 5 claims under con- 
sideration, would make a total of $l2,027.27. 
These figures were 
taken from the 28 Jun edition of the Army Times; official records 
were not aval to verify the information. 
31. Verbal info: Mr. J. L. Watson, Fld flrc Div, 17 Jun 59. 


(%) i n CONUS defense areas and 24 i n the European Theater. 
Most of the 


remaining 104 systems were either i n Depot Rebuild or i n Depot Storage 


for possible emergency use; others were locakd a t WSMR; Red Canyon Range 


Camp, New Mexico; the Ordnance Guided Missile School and the 
Rocket 


& Guided Missile Agency, Redstone Arsenal, Alabama; Eglin Am, Florida; 


and Rome AFB, New York. 


Q' (O) Beginning on 30 June 1958, NIKE AJB Systems were replaced with the 


RERCULES as rapidly as equipment became available. 
A s of 1 June 1959, 


the HERCULES had replaced a total of 60 AJAX Systems, including 52 at 


tactical sites i n the CONUS and 8 i n Europe, 
Though most of the AJAX 


Systems will be replaced eventuallyg 186 were still i n use on 1 June 


1959-170 
of them a t various ta-tick1 sites i n .the CflNUS anJ. 16 at sites 


ployed i n place of the AJBX, 24 wcre deployed i n new tactical sites out- 


side the CONUS, including 12 i n the Fh: 
Esst, 8 i n Alaska, and 4 i n 


Greenland. 
This brought the d e p l ~ p n t sf I?lKE RERTJLES S y s t ~ m to a 


total of 84.) 
Following replwe,ment,, NIKE AJAX Systems were shipped t o 


Depot Storage or Depot ~ e b u i l d 
,3' 


(u) WHO SAD 
DBS31;ESCENTo? 


In the five years that the N E E AJAX has been in operational status, 


significant advancements have been made both i n mlssile and aircraft 


development. 
While improvements in the AJAX System have kept pace w i t h 


major scientific advances, the extent of development effort and the 


32. 
DF from Industrial Div ORDXR-INB t o Control Off ORDXR-CR, 8ub.j 
"Request for Industrial Information on the MKE AJAX FYoject," 
dated 4 May 59, as supplemented i n writing by Mr. J. L. Watson, 
Fld Svc Div, 17 Jun 59 (ARGMA H i s t ~ i l e ) . 


nature of design modifications authorized in the past few years have 


been restricted by Department of the Army policy. In the mantime, a 


superior version of the NME System has been developed and fielded which 


can outspeed, outdistance, and outmaneuver the AJAX under any conceiv- 


able combat condition. 


In light of these developments, it would appear that the NME AJAX 


is destined for a short career as an active air defense weapon. Indeed, 


as early as May 1958, when the Army announced that it would soon begin 


replacing the AJAX with a superior version of the MIKE System, newspaper 


and magazine reporters Immediately jumped to the conclusion that the AJAX 


was headed straight for the scrap heap-already obsolete. The very next 


day after the first HERCXLES Missile took its position on m AJAX h t ~ ~ ~ h e r , 


one newswriter stated: "The Amqf is providing new evidence for that 


Pentagon adage : 
If it works, its obsolete. 1'33 


Is the NIKE M A X really heded for the scrap heap? Has it been 


pushed into obsolescence by rapid scientific advancements of the past few 


years? Or can it still do its job as an effective air defense weapon in 


the face of these advancements. 


In the words of Lt Colonel John E. Alber, chief of the NTKF, AJAX 


Division, Guided Missiles Department, 3. S. Army Air Defense School at 


Fort Bliss, Texas- 


"In one respect, perhaps, you might say that the Nike 


Ajax system is obsolescent--that is, to +he extent that a 


33. 
The Huntsville Times, 1 Jul 58. The occasion was Project m-- 
' the "Army Missile Mobility Orientation" show destmed to demonstrate 
the Armyi s Missile Age FiEepower. Referring to the AJAX and two 
other Amy missiles, the reporter commented: "...all 
performed their 


mlssions...And 
all three are being shoved aside by 'second generationq 


missiles..." 
(see Figure 48, page 205.) 


great improvement i n the same Nike system, the Nlke Hercules, 
is in mass production and is now taking its place alongside 
the Ajax at air defense s i t e s throughout the country. 
How- 
ever, the Nike AJax system is anything but obsolete insofar 
as its ability t o meet any current or near-future threat is 
concerned... 


"The mike Ajax missile system is here today. 
It ,is not 
just on somebody's drawing board or on the cover of same 
magazine. It is not in a planning or test phase; it is Fully 
operational and doing the job 24 hours a day, 365 days a year 
right now, as it has for about the past five years. 
Until 
recently, when the f i r s t Hercules sets went out on site, Ajax 
was the only fully-operational, f'ull-time surface-to-air mis- 
s i l e system defending the continental United States. In other 
words, if.. .b 
enemy a t t a c g tonight consisted of the l a t e s t 
high-flying, high-speed bombers-perhaps 
supersonic-there 
would not be one single airplane, or even guided missile other 
than the Nike Ajax and a few Nike Hercules, that would have the 
definite capability of destroying such an attack.,, 


"It is ~qy firm belief that the Nike systm-Ajax 
and 
Rercules-represents 
not just the best, but the only truly 
effective air defense weapon which stands between this nation 
and an enemy attack from the air ,IT 


But why continue with the AJAX since RERCULES is such a great improve- 


ment i n the NIKE System? Colonel Aber's answer: 


"...If 
you owned a r i f l e and l a t e r bought a 12-gauge shotgun, 
you wouldn't throw away the rifle, would you? When the Army de- 
veloped the 280 millimeter atomic cannon, it didn't do away with 
its 8-inch howitzers. 
Each has specif i c capabilities and specific 
missions to perform. 
The same is true with the Ajax and Hercules. 
Let me reiterate-the 
Nike Ajax is more than equal t o any current 
or near-future threat that may be presented, and as long as 
this holds true, it need only be augmented by Hecdes (sic), 
\- 
not 
replaced by it ." 34 


The NIKE AJAX obsolescent? Not yet. 
And not i n the foreseeable 


future. 


34. 
Army Times, 20'Sep 58, pp. 9 and 47 (ARGMA H i s t File). 


Figure 48 


GUARDIAIU'S OF TEiE SKIES-me 
NIICE HERCULES and NIKE AJAX 


Xissiles demonstrate their capabilities at Project AMMO. 


The mighty EERCULES mkes an impressive blast-off and 
. 


heads for target intercept (left). 
The small but deadly 


AJAX streaks from i t s launcher and brings down the QB-17 


drone target (to? right) i n a lazy tumble of flames 15 
miles amy. 
(white Sands Missile Range, 1 July 1958) 


A GLOSSARY OF 


G 
r 
n 
MISSILE Tmm 


ACCELEROMETER - an instrumsnt that marurea one or store ccmpnents of the 


sacelerations of a vehicle. 


AERODYIUUICS - thst field of dyasmPics vhich treats of the motion of eir 


and other gaseous fluids an8 of the forces act* 
on~eolids in 


motion relative to such fluide* 


- the process of f'uel Iqjection sa8 combu8tion in the e&aust 


jet of a turbojet engine ( m e r the tubins). 
. 
.. 


AImO19 - a hingeti or mmable stvface on an airframe, the, rIm& function 


of vhich i r to induce a rolling nmnnnt on the airframe, It ueually 
18 part of the trailing edge of a w i n g * 


AIRFOIL - any obJect whose geometric shape is such that vhen properly 


poeitioned in em airstrew will produce a useftal reaction. 


9 
. 


AYPDETER - an inetrumnt that rneaaurea elevation above a givsa Utum 


Pl-0 


AMPLfFIER - a device for increasing magnitude of ,the electrical or -&an- 


i 
d 
oatpat of a o ye tea, a6 in ra8io, electrical, $mmmtic, audio 


QIld bparaulic eyEttem* 


AliUIS OF ATPACK - the w 
e 
between a reference line f-d 
wit21 reepect to 
an airf'ram an8 the apparent relative flow line or the air. 


ARTlXU - a device-i.e,, 
conductor, horn, dipole-for 
trsnsnritting or 


mceiving r d i o xsvss, e~clu6iw of the amanir of conneoting i t 8 main 
portion w i t h the trenmitting or receivirrg agaratur, 


ARMIN0 - ae applied to f'uzee, the chuglag from a uafe condition to a 


rtate of readiness. Generslly a fuse i r cauaad to a m by acceler- 
ation, rotation, clock .ocbanim8 or air tnml, 'or by c ~ l m t i o n s 
of tbsrce. 


AIR-BREA- 
JET - a prcrpulrion devioe which operator by takiag in air 


an4 then ejeoting it as a hi&-epedl Jet. 


ATTBWAm - a device designed to caure a lor8 in ahorgy in a ryrtanwith- 


adt introducing appreciable dkstortion in the berird fiwquenoier. 


ATTITUDE - ths porition of an aircraft as dotorrained by the inolinatioar 


of i t r ucsa to 84prse f'ram of reference, 


AUDIO - perkining to fisquencies of audible sounA waver between about 


20 urb a,OOO cycle8 per seconb. 
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AUTOMATIC GAIN CONTROL (AGC) - a circuit, also called the Automatic Volume 
Control, which automatically varies the over-all amplification, in- 
versely proportional to input signal strength changes, such that the 
output volume of the receiver runains constant, 


AUTOMATIC PILOT - an automatic control mechanism for keeping an aircraft 
in level flight and on a set course or for executing desired 
maneuvers, Sometimes called gyropilot, mechanical pilot, robot 
pilot, or auto pilot. 


BALLISTIC MISSILE - a vehicle whose flight path from termination of thrust 
to impact has essentially zero lift, It is subject to gravitation 
and drag, and may or may not perform maneuvers to modify or correct 
the flight path, 


BAND, FREQUENCY - in connrmnications and electronics, a continuous range 
of frequencies extending between two limiting frequencies, 


BANDWIDTH - the difference in frequencies between the lowest and highest 
.frequency parameters of a circuit, such as tuned circuit, modulated 
radio s i w , servo-mechanism, or radio atation channel assignment, 


BEACON, RADAR - generally, a nondirectional radiating device, containing 
an autanatic radar receiver and transmitter, that receives pulses 
("interrogationn) from a radar, and returns a similar pulse or set 
of pulses ("response"). 
The beacon response may be on the same 
frequency as the radar, or may be on a different frequency, 


BOOS!lTR - an awciliary propulsion system which travels with the missile 
and which may or may not separate from the missile when its impulse 
has been delivered , 


CANARD - a type of airframe having the stabilizing and control surfaces 
forward of the main supporting surfaces, 


CENTER OF GRAVXW - the point at which all the maes o f a body may be 


regardea aa being concentrated, so far as motion of translation is 
concerned. 


ClMNEL - in radio communications, the band of frequencies within which 


a radio transmitter or receiver must maintain its modulated carrier 
signal . 


CLUTTER, RADAR - the visual evidence on the radar indicator screen of 
eea-return or ground return which tends to obscure the target 
indication. 


COAXIAL LINE - a cable having concentric conductors, Used as a trans- 
mission line for audio, radio, radar, and television signals. 


A GLOSSARY OF GUIDED MISSILE TERMS (~ont) 


COMPUTER - a mechanism which performs &thematical operations. 


CONICAL SCANNING - a radar scanning system wherein a point on the radar 


beam describes a circle at the base of a cone, and the axis is the 
generatrix of the cone. 


COPITROL, BANG-BANG - a control system used in guidance wherein the correc- 
tive control applied to the missile is always applied to the full 
extent of the servo motion. 


CONTROL, PROPORTIONAL - control in which the action to correct an error 
is made proportional to that error. 


DAMPING - the effect of friction or its equivalent in reducing oscillation 
of a system. 


DESTRUCTOR - an exploeive or other device for intentionally destroying a 
missile, an aircraft, or a component thereof. 


DIFFUSER - a duct of varying cross section designed to convert a high- 
speed gas flow into low-speed flow at an increased pressure. 


DISH,'RADAR - the parabolic reflector which is part of certain radar 
antennas. 


DOPPLER EFFECT - the apparent change in frequency of a sound or radio 
wave reaching an observer or a radio receiver, caused by a change 
in distance or range between the source and the observer or the 
receiver during the interval of reception. 


DRAG - that component of the total air forces on a body, in excess of the 
forces owing to static pressure of the atmosphere, and p ~ b l e l 
to 
the relative gas stream but opposing the direction of motion. It 
is composed of skin-friction, profile-, induced-, interference-, 
parasite-, and base-drag components. 


DUCTED PROPUUION - generally refers to 
progulaion system which passes 
the surrounding aboephere througb a channel or duot whlle acceler- 
ating the mass of air by a mcchanieal or thermal process. 


GATE - (1) In radar or control terminology, an arrangement to receive 
signals only in a small,.selected fraction of the principal time 
interval. (2) Range of air-fuel ratios in which cambustion can,.be 
initiated. (3) In computer terminology, a device used to control 
passage of information through a circuit. 


GIMBAL - a mechanical frame containing two mutually perpendicular inter- 


eecting axes of rotation (bearings and/or shafts). 
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GUIDAIVCE - the entire process of determining the path of a missile and 
maintaining the missile on the path. 


GUTDANCE, BEAM RIDER - a guidance system in which equipment aboard the 
missile causes it to seek out and follow a path specified by a beam. 


GUIDANCE, CELESTIAL NAVIGATION - navigation by means of observations of 
celestial bodies. A system wherein a missile, suitably instrumented 
and containing all necessary guidance equipment, may follow a pre- 
determined course in space with reference primarily to the relative 
positions of the missile and certain preselected celestial bodies. 


GUIDANCE, COMMAND - a guidance system wherein intelligence transmitted to 
the missile from an outside saurce causes the missile to traverse a 
directed path in space. 


GUIDANCE, HOMING - a system in which a missile steers toward a target by 
means of radiation which the missile receives from the target, 
either by reflection (radar or visible light) or by emission from 
the target (infra-red or acoustic energy). 


GUIDANCE, HOMING, ACTIVE - a form of guidance wherein both the source for 
illuminating target and the receiver are carried within the missile. 


GUIDANCE, HOMING, PASSIVE - a system of homing guidance wherein the re- 
ceiver in the missile utilizes natural radiations from the target. 


GUIDANCE, HOMING, SEMIACTIVE - a system of homing guidance wherein the 
receiver in the missile utilizes radiations from 'the target which 
has been illuminated from a source other than in the missile. 


GUIDANCE, INERTIAL - a form of guidance in which all guidance components 
are located aboard the missile, These components include devices 
to measure forces acting on 
missile and generating from this 
measurement the necessary co~nmarids to maintain the missile on a 
desired path. 


GUlDAIiCE, MIDCOURSE - the guidance applied to a missile between the termi- 
nation of the launching phase and the start of the terminal phase of 
guidance. 


GUIDANCE PRESET - a technique of missile control wherein a predetermined 
path is set into the control mechanism of the vehicle and cannot 
be adjusted after launching. 


GUIDANCE, RADIO NAVIGATION - a form of guidance in which the path of the 
missile is determined by a time measurement of radio signals. 


GUIDANCE, TERMINAL - the guidance applied to a missile between the tea$- 


nation of the midcourse guidance and impact with Qr detonati~n in 
close proximity of the target. 
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GUIDANCE, TERRESTRIAL REFERENCE - a technique of missile control wherein 
the predetermined path set into the control system of a missile 
can be followed by a device in the missile which reacts to some 
property of the earth, such as magnetic or gravitational effects. 


GUIDED MISSIIE - an unmanned vehicle moving above the earth's surface, 
whose trajectory or fli$ht path is capable of being altered by a 
mechanism within the vehicle. 


GYROSCOPE - a wheel or disc, mounted to spin rapidly about an axis and 
also free to rotate about one or both of two axes perpendicular 
to each other and to the axis of spin. A gyroscope exhibits the 
property of rigidity in space. 


HUNTING - a condition of instability resulting from over-correction by a 
control device and resultant fluctuations in the quantity intended 
to be kept constant. 


HYPERGOLIC - capable of igniting spontaneously upon contact. 


IUMNATOR, TARGET - a trmsmitting device on a missile or off that is 
used in guiding on the target. 


INTERCONTINENTAL BAILISTIC MISSILE (ICBM) - a ballistic missile which 
has a range of approximately 5000 nautical miles. 


INTEFMEDIATE RANGE BALLISTIC MISSILE (IR~M) - a ballistic missile which 


has a range of approx~tely 1500 nautical miles. 


IONOSPHME - that portion of the earth's atmosphere, beginning about 30 
miles above the earth's surface, which consists of layers of highly 
ionized air cepable of bending or reflecting certain radio waves 
back to the earth. 


JAMMING - intentional transmission of r-f energy, in such a way as to 
interfere with reception of signals by another station. 


JATO - an auxiliary rocket device for applying thrust to some structure 
or apparatus. 


JET - an exhaust stream or rapid flow of fluid from a small opening or 
nozzle. 


JET PROPULSION - the force, nzotlon or thnts* resulting f r w the ejection 
of matter from within the propelled body, 


LOBE - one of the three-dimensioml portions of t5e radiation pattern of 
a directional antenna. 


haCH IWbIi3ER - the r a t i o of the velocity of a body t o t h a t of socnd i n the 


nzdium being considered. 
A t sea level i n air a t the Starrdard U. S. 


Atxxphcre, a body moving a t a Mach number of one (M-1) 
would have 
a velocity of approxiEately 1116.2 f e e t per second, the speed of 
sound i n a i r under those conditions. 


MISSILE - a self-propelled unmanned vehicle which travels above the 
earth' s surface. 


NOZZIE' - a duct of chznzin~: cross secticn i n which the fluid velocity is 


increxcd. 
iTozzlc3 are u s u ~ ~ l l y 
converging-diverging, but m y be 


uniforidy diverzing or converging. 


PHOTGTHEOCOLITE - a dc.vice for scasuring and recording the horizontal and 


v e r t i c z l xizles Lo a n i s s i l e vhile phot~graphing its flight. 


PITCH - an a n ~ l n r 
displccecmt about an axis parallel t o the l a t e r a l 
axis of an a i r f r m e . 


PROPELL4NT - m % e r i a l consisting of f'uel and oxidizer, either separate or 
together i n a mixture or ccnpound which i f suitably ignited changes 
into a l a r p r voluxa of hot gasos, capable of propelling a rocket 
or other projectile. 


PULSE - a sinzle disturbmze of definite mplitude and time length, pro- 
pagated a s a wave or clectric current. 


RAMJET - a coinpressorless jet-propulsion device 7.rhic.h depends :?or its 
operation cn 'Ciz a i r com?ression accoraplished by the forward motion 
of the uni?,. 


ROCKET - a thrust-prclucing systc-3 or e. zanplete missile which derives its 
thrust frcrl ejectifin of hot; Gases: ceneraterJ. fro3 nnterial carried 
i n tha systc';~, not r q u i r i c g int:J:e 
of a i r or water. 


R O U - an s n s l a r displ~cenrent &tout an axis parallel t o the longitudinal 
axis of an a i r f r x z . 


SEEKER, TAXGET - a receiving device on a missile t h a t receives signals 


e ~ d t t e d frcm or reflected off the target that is used i n guiding on 
the tsrcet. 


SIGPJAL - any vave or variation thereof with tin2 serving t o convey the 
desired intelligence i n cc5nmication. 


SONIC - velocity that is equal t o the local speed of sound. 
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SPECIFIC IMPULSE, FUEL - thrust developed by burning one pound of fuel 
in one second, or the ratio of thrust to the fuel mass flow. 


SPEED OF SOUND - the velocity at which sound waves are transmitted through 
a medium. Speed of sound in the air varies as the square root of 
the absolute temperature. (See "Mach Number.") 


SQUD - a small pyrotechnic device which may be used to fire the igniter 
in a rocket or for some similar purpose. Not to be confused with a 
detonator which explodes. 


SUBSONIC - a velocity less than the local speed of sound, or than a Mach 
number of one. 


S ~ S O B I C 
- a velocity that is greater than the local speed of sound. 


SUSTAINER - a propulsion system which travels with and does not separate 
from a missile, usually distinguished from an auxiliary motor, or 
booster. 


TELEMETERING SYSTEM - the complete measuring, transmitting, and receiving 
apparatus for remotely indicating, recording, and/or integrating 
information. 


TEEODOLITE - an optical instrument for measuring horizontal and vertical 
angles with precision. 


THROAT - in rocket and jet engines, the most restricted part of an exhaust 
nozzle. 


THRUST - the resultant force in the direction of motion, owing to the com- 
ponents of the pressure forces in excess of ambient atmospheric 
pressure, acting on all inner surfaces of the' vehicle parallel to 
the direction of motion. Thrust less drag equals accelerating force. 


TRANSONIC - the intermediate speed in which the flow patterns change from 
the subsonic flow to supersonic, i.e. from Mach numbers of about .8 
to 1.2, or vice versa. 


TURBOJrm - a jet motor whose air is supplied by a turbine-driven com- 
pressor; the turbine being activated by exhaust gases from the motor. 


YAW - an angular displacement about an axis parallel to the "normar1 axis 


of an aircraft. 


AAFCS----0- 
Antiaircraft Fire Control System 


AAGM------- 
Antiaircraft Guided MiseiU 


ABL-------- Allegany Ballistics Laboratory 


AFB-------- 
A i r Force Base 


AFF-------- Army Field Forces 


AMMO------- 
An4y Missile Mobility Orientaticm 


AOTL------- 
Axmy Ordaance Tecbnicd LialBon 


APG-------- 
Aberdeen Pro- 
Ground 


~prx------- 
Appromte (-ly) 


AUCO#---- 
Antiaircraft c-a 


A R ~ o M - - - - 
Axmy A i r Defense CLrnrrmCnd 


ARM------ 
ArnIy Rocket and Guided Missile Agency 


ASF-------- 
Amy Service Forces 


ASP-------- 
h u a l Service Practice 
. 


Ass@Iably 


Available 


-8- 


Bscrxa 


U a B a l c s Research Labomtory 


B e l l Telephone Laboratories 


4- 


Cogs o f Enghears 


Centsr of Qrev'ity 


Ohapter 
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4- 


Circular 


Camanding Officer 


c-P=v 


Chief of Ordnance 


Crnwund 


Cmrm~nder 


Conghte (-tion) 


Continental 
Camander 


Continental United States 


Corporcrtion 


Cost Plus Fixed Fee 


Cycles Per Second 


Coet Reimbursable 


Calenbr Year 


-D- 


Ikpwhent of the Arply 


Douglas A i r c r a f t Campaqp 


Developerit 


Disposition Fonn 


Mviabon 


Dianond Ordmme Fuze L s ' t o r y 


-% 


Electronic Countermeaeurea 


GLOSSARY OF -TImS 
(cont ) 


-F- 
Facilities 


Field 


Fixed Price 


Feet Per Second 


Guggenheim Aeronautical Laboratory - California 
Institute of Technology 


Government Rmlshed Equipnent 


Guided Missile 


-H- 


Headquarters 


-1- 


International Business Machine 


Intercept Ground-Station Optical Recowr 


Inclusive; Inclosure 


Dfonaation 


Installation 


Inhibited Red Furming Nitric Acid 


Intercept Target Optical Recorder 


4.1 


Johw Bopkin8 ~ ~ e r r ? s i ~ y 


Jet Propubion Labopht0ry 


-L- 


Laboratory (-ien) 


Pornas 


Ubrarg 


Letter 


GLOSSARY OF ABXWUTIOmS (cod) 


4- 


Mech------- 
Mechanism 


mph-------- 
pules Per Hour 


Easg-------- 
Message 


Msl-------- 
Missile 


MWO-------- 
Modification Work Order 


-H- 


RA--------- 
Rot Applicable 


I@¶--------- 
Nautical Miles 


m0D------- 
New York Ordnance Mstrict 


-0- 


OCM-------- 
Ordnance Ccxnnittee Meeting 


OCO-------- 
Office, Chief of Ordnance 


pet-------- 
Pounds Per Square IPch 


-R- 


Research and Developpent 


Radio Controlled Aerial Targets 


Red Canyon Range Caa~ 


Respansible 


Rapid-Fading 


Red Fuming Nitric Acid 


Rocket 


Redstone Arsenal 


4- 


Safety and Arming 


Second 


Sea Level 


Serial Number 


Subject 


Se-ce 


-T- 


Technical 


Telephone Conversation 


Teletype 


-u- 


Unauthorized 


ow- 


Western Electric Canpany 


Weapons System Evalustion Group 


White Sands Missile Range 


White Sands Proving Ground 


-x- 


Experimental Surface-todlr Missile - Army 
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APPENDIX 2 


lm- 
OF THE ARMY 
Office of the Chief of Ordnance 


Waehington 25, D. C. 


In reply refer to: 
26 June 1951 


o 
m 


0.0. 6821159 


SUBJECSI: Transfer of Reeearch and Development Responeibility t o Redstone 


Areural 


TO: 
Cmmnrrnding Officer 
Redstone Arsenal 
Huntsville, Alabams 


1. The reeponeibility for the conduct of certain guided mlssile 


projects in the research and development program will be transferred t o 
Redetone Areenal. The rate at which projects are transferred t o your 
Areenal m u s t necesearily be geared t o your ability t o effectively carry 
them out without any delay or disruption t o the projecte. 


2. a. The reeponeibility for the conduct of the research and de- 
velopment program on the following projecte will be transferred from the 
Rocket Branch of thie office t o Redstone Arsenal effective on or about 
16 Auguet 1951: 


Dept Army NO 
Ord NO. 
Short Title 


DAO 516-04-001 
TU1-3000 


DAo 516-05-005 
TUI-2 


NIKE 
CORPORAL 


b . The tranefer of the CORPORAL Project t o your Arsenal doe8 


not include reeponsibility or juriediction of any other reeearch and de- 
velopnent activitiee at the Jet Propulsion Uboratories being conducted 
under the O R D C ~ ~ 
Contract (CAO 516-01-001, TUI-1). 


3. In general, the reeponeibilitiee transfemed to the Arsenal will 
cover the monitoring, coordinating, and conducting of the technical aspects 
of the assigned projecte. Redstone will be the eole eource of instruction 
t o the contractor. Thie office will retain generkl direction an8 render 
decieicme in the following matters: 


a. Policy, ecope, and objective8 of the project. 


b. 
Ori@.ml approach end major cbaages ia the b e i s , perlor- 


olluzce and aperstion of the mlasile. 


4, This Uvlsion o f respons$.bili+y nsoonoitatas that the closest 


pasrible liainon be prer%nW.ned between ReBstona urb the ogtmtlng Branches 
of thllr offioe. This 18 pwHcu2arly eungbaei~;ed because of the remi- 
vertiaal orgszlizational etmcture for &&ad mieeilae vlthin the Ordnance 
" 
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CO, REDSTONE ARSEmAL 
Subj: Transfer of R & D Responsibility to Redstone Arsenal 


Corps resulting from the designstion of Major General Quinton as alter 
ego of the Chief of Ordnance for Guided Missiles. It is necessary there- 
fore that ORDTU have more immediate access to information concerning guided 
missile projects than is required in any other field of research and 
development. 


5. In order to assist you in carrying out your responsibilities with 
respect to NlXE I and CORPORAL, this office will transfer its proJect 
officers, Captain John R. Grace and Major R. C. Miles, to your Arsenal 
effective 16 August 1951. These officers arc assigned to their respective 
Ordnance Districts with station at the contractor's plant. 


Name 
Project 
Location 


Lt Col R . E . LeRoy 
NME I 
Bell Telephone Iabs, Whippany, I?. J. 


Major H. E. Whitmore 
NIKF I 
Douglas Aircraft Co, Santa Monica, Calif. 
CORPORAL 
Major G. E. Parsons 
CORPORAL 
Jet Propulsion Iab, Pasadena, California 


BY COMMNTD OF MAJOR GENERAL FORD: 


CC: 


mYOD 
MOD 
ORDIM 
ORDFM 
ORraiO 


/s/ Leslie E. Simon 
/t/ LESLIE E. SIMON 
Brigadier General, USA 
Chief, Ord Res & Dev Div 
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WAR DEPAFETMENT 


Office of the Chief of Ordnance 
Washington, D. C. 


SUBJECT: Assipent of Responsibility for Technical Supervision of 
Developments Related to the NIX3 Project 


TO: 
Commanding General 
Redstone Arsenal 
Huntsville , Alabama 


1. Reference is made to: 


a. Letter, OCO 00 6821159, 26 June 1951, subject: "Transfer 
of Research and Development Responsibility to Redstone Arsenal." 


b. Letter, Redstone Arsenal, R& 
322156, dated 23 October 1951, 


subject: "Transfer to Redstone Arsenal of Technical Supervision on 
Rocket and Guided Missile Projects," with 1st and 2nd Indorsements thereto. 


c . Letter, OCO, 00 471.911238 dated 24 June 1952, subject: 
"Transfer to Redstone Arsenal of TechnicalE4anagement of Certain Rockets 
and Guided Missile Projects. " 


d. Ordnance Corps Order, No. 43-52 dated 29 September 1952. 


A 


2. Reference 1.8. transferred responsibility for monitoring, co- 
ordinating and conducting the technical aspects of subject, Project N X E 
Ordnance Number TU 1-3000. 


3. The second indorsement of reference 1.b. contained a Redstoae 


Arsenal request for assiepment of responsibility to the Arsenal for 
coordinating the development of all GFE components of the system. This 
coordination responsibility must necessarily be retained by the OCO and 
the other cognizant government agencies concerned. However, as was 
projected in reference l.a., and to meet the requirements of paragraph 
4(3) of reference 1. d., responsibility is hereby transferred to Redstone 
Arsenal for maintaining close technical liaison with other Government 
field installations engaged in development projects related to the rmXE 
missile system. Current related projects are: 


Dept of Amy Number 
Project Title 
Contractor or 
Responsible Field 
Agency 


Booster for NlXE 
Bureau of Ordnance 
Missile 
Dept of the Navy 


Self-Destroying 
G. L. Martin, Co. 
Booster 


V I \ Y A V 
SUBJECT: Assignment of Responsibility for Technical Supervision of 
Developments Related to the NlXE Project 


Fragmentation ' 
Picat inny Arsenal 
Warheads for NIKE 
Guided Missile 


NME, Sup. Arming 
Frankford Arsenal 
Device 


Arming Mechanism 
NBS 


Safety T90 


Study of 
SCEL 


Susceptibility 
of lQME Control 
System to Counter- 
measures. 


GM Batteries 
RB 401b - 


SCEL 


Charger for BB bl/U 
SCEL 


3-27-01-131 
Battery Tester for 
SCEL 


BB 401/U 


4. Because these parts of the NME project are with installations 
under control of various branches of the Research and Development Did- 
aion of OCO or with other agencies of the military, it is desired that 
recammendations be submitted through this office regarding changes, 
improvements, cancellations or accelerations that may be required to 
maintain proper phasing with the basic NIXE project. 


BY COMMAND OF MAJOR GENERAL FORD: 


LESLIE E, SIMON 
Major General, USA 
Assistant Chief of Ordnance 


LIST OF OW'S IiELATING TO B M E PROJECT* 


SUBJECT 
DATE - 


SECURITY CLASSIFICATION 


Guided Missile, XSAM-G-7 (M~XE) 
--Change in Security 
Classification from Secret to Confidential (c) 
7 JUQ 51 


Rules for Security Classification of Guided Missiles (u) 16 Aug 51 


Security Classification of the NIKE I and CORPORAL 
Guided Missiles and Associated Equipnent (c) 
23 A P ~ 
53 


Security classification of the NME I and CORPORAL 
Guided Missiles and Associated Equipment (c') (!This 
meeting held to approve action of OCM Item 34619) 
23 A P ~ 
53 


NME and CORPORAL Guided Missile Systems--Downgralilng 


of Exterior Views to Unclassified (R) 
16 ~ u l 
53 


NME I and CORPORAL Guided Missile Systems--Downgrad- 


ing of Certain Types of Information to Restricted (R) 
24 Sep 53 


Rules for Security Classification of Guided Missiles-- 
Amendment of OCM 33840 (u) 
11 Feb 54 


NME I Surface -to-Air Guided Missile --Establishment of 
Revised Security Classification Rules (C ) 
3 Juo 54 


NME I Surface-to-Air Guided Missile--Establishment of 
Revised Security Classification Rules, Action by AC of 
FS, G-4 (c) 
29 J u ~ 
54 


mME I Surface-to-Air Guided Missile--Amendment of 
Security Rules Established by OCM 35348 and 35398 (u) 26 Aug 54 


Detonator, Electric, T18)33--Establishment of Revised 
Security Classification Rules (c) 
23 SeP 54 


IQlXE Antiaircraft Guided Missile System--Authorization 
for Modified Handling of Confidential Handbooks (u) 
14 U'ul 55 


Antiaircraft Guided Missile System--NME I--Recording 
of Item Security Check Lists (u) 
15 Dee 55 


NIXE AJAX Guided Missile System--DOA Project 516-04-001 


(TUI-3000) --Revision in Security Classification (u) 
11 Apx 5'7 


Guided Missile System, Antiaircraft (NME-AJAX) -- 
Revision in Security Check Lists (u) 
14 Ncv 57 


* Security classification of documents shown in parenthesis. 


I 
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OCM ITEM 
DATE - 


23905 
Long-Range Rocket and Launching Equipment--Initiation of 
Development Project, Recommended (s) 
25 *Y 
4.4 


24023 
Long-Range Rocket and Launching Equipment--Initiation 
of Development Project, Approved (s) 
1 Jun 4.4 


29012 Anti-Aircraft Guided Missile for Ground to Air Firing- 
Initiation of a Development Project , Recommended (S ) 
13 S ~ P 
45 


29277 
Anti-Aircraft Guided Missile for Ground to Air Firing-- 
Initiation of a Development Project, Approved (s) 
4 Oct 45 


33146 Anti-Aircraft Guided Missile for Grmd-to-Air Firing 


(NME)--status of Project (s) 
5 Jan 50 


36203 
project TU-3000, 
I 
P 
~ 
I, --status of project (c) 
10 
56 


TRAILWS 


34676 
Trailers for AAFCS M-33 and 
I Systems (R) 
26 Mar 53 


36504 
DoUies, Front and Rear, for Electronic Trailers (u) 
11 A P ~ 
57 


NAMES FOR GUIDED MISSILES 


32165 
System of Designation and Assignment of Popular Names 
for Guided Missiles (R) 
29 Apr 48 


33964 List of Ordnance Corps Guided Missile Projects with 
Type Designation and Popular Names (C ) 
25 0ct 51 


35904 
Establishment of Policy for Identification of Guided 
Missile Systems (u) 
28 Jul 55 


DEFINI!CION OF COMPONENTS 


35992 
GuidedMissile, Antiaircraft, MI. (NIKX I Inert)-- 
Definition of and List of Components (u) 
20 Oct 55 


OCM ITEM 
- 
DATE 


34.228 
Jato, Self -Destroying, 2.5-IS-59000, ~48; 
Jato, Self - 


Destroying, 2.5-DS-59000, ~49--~nitiation 
of Dwelop- 


-t 
(C) 
8 MY 
52 


36325 
Jato Unit, XM5 or IglXE AAGM -4Cexmination of DA 


Project 517-10-021 (~2-2022 
4 ~ c t 
56 


Warheads for Pilotless Aircraft and Guided Missiles-- 
Initiation of Development (c) 
14 NOV 46 


Department of the Army Guided Missile Program--Warheads 
and Fuzes (s) 
30 Dec 48 


Fragmentation Warheads for Western Electric Company, 
Surface-to-Air Missile, rmKE (XSAM-G-7)--Initiation of 
Development Project (S ) 
6 0ct 49 


Fragnentation Warhead for NIX33 Guided Missiles: Warheads, 


F m g * , 130-lb., Tg; 160-lb., T10; and 35-lb., T12-- 
Change in Military Characteristics (s) 
26 Oct 50 


Department of the Army Guided Missile Program--Revised 
Projects, Quantities and Required Delivery Dates for 
HE Warheads and Non-VT Fuzes (s) 
12 Apr 51 


Department of the Army Guided Missile Program--Revised 
Projects, Quantities and Dellvery Dates for HE: Warheads 
and Non-VT Fuzes (s) 
24 Apr 52 


Arming Mechanism, Safety, TgO--Initiation of Develop- 
ment (c) 
11 Sep 52 


Safety and M n g Device, Guided Missile, M30 (T~QE~)-- 
Classified as Standard Type 
Safety and Arming 
Device, Guided Misbile, I427 ( ~ 9 3 
Type)--Classified as 


Limited standard ~ype 
(c) 
15 Mar 56 


Safety and Amdhg Device, Gutded Missile, M30 ( ~ 9 0 ~ 3 ) 
Project No. W-6038 (505-06-007)--~e-tion 
of (c) 14 Feb 57 


226 


OCM ITEM 


APPENDIX 4 (cont) 


SUBJECT 


CODING SYSTEM 


Modernization Coding System--Assignment of Code to 


Prinapal Items (c) 


Modernization Coding System--Assignment of Codes to 
Major Secondary and 22 Items (c) 


Assignment of Namenclature to Major Components of the 


N X E Guided Missile System--First List (c) 


Servicer, Acid, Guided Missile, XM2; Servicer, Fuel, 
Guided Missile, XM3- -Assignment of Nomenclature; 
Servicer Missile Fuel and Oxidizer, XMl--Cancellation 
. .. 


of Nomenclature (R) 


N E E Guided Missile System--Assignment of Additional 
Nomenclature (C ) 


NIXE Guided Missile System--Assignment of Additional 
Nomenclature (C ) 


Trailer Van, Fire Control, M2hk~l--Assignment of 
Nomenclature (R) 


NIKE surface -to-~ir 
Guided Missile--Assignment of 
Nomenclature (R) 


NIKE Guided Missile System--Assignment of Additional 
Nomenclature (u) 


CORPORAL and NME Guided Missile Systems--Assignment 
of Additioaal Nomenclature (u) 


KPKE I and CORPORAL Guided Missile Systems--Assignment 
of Additional Nomenclature (u) 


Projects NIXE, CORPORAL, and HONEST JOHN--Assipent of 
Additioaal Nomenclature (u) 


Rocket and Guided Missile Materiel-Assignment 
of 
Nomenclature (u) 


NIKE I Guided Missile System--Cancellation of Certain 
Nomenclature (u) 


Establishment of "Y" Group for the Ordnance Book of 
standards (u) 


DATE - 


9 Aw3 56 


13 Dec 56 


23 Oct 52 


26 Feb 53 


21 May 53 


10 S ~ P 
53 


5 Nov 53 


17 Dee 53 


6 May 54 


23 Sep 54 


4 N w 54 


18 Nov 54 


5 May 55 


22 S ~ P 
55 


OCM rrEM 


APPENDIX 4 (Cant) 


ASSIGNMENT OF N ~ C L A T t T R E 
(Cont ) 
I 


DATE - 


36059 
NIX33 Antiaircraft Guided Missile System--Assignment of 


Namenclature (C ) 
5 Jan 56 


ASSIGNMENT OF PRIORITY 


31055 
War Department priorities for Research and Development 
Projects --Rocket and Guided Missile Materiel (C ) 


33607 
Rocket Branch Project --Assignment of priorities (s) 


CLASSIFICATION AS S'PANDARD TYPE 


35741 Antiaircraft Guided Missile System 
I) -- 
Classification as Standard Type (c) 


35829 Antiaircraft Guided Missile System (IVIKX I)-- 
Classification as Standard Type Approved by Research 
and Development, OCS (C ) 


36454 
Tool Set (common), Organizational Maintenance and 
Assembly, Guided Missile (NME) 
--Classification as 
standard Type (u) 


36476 
Tool Set, Organization Mechanical Assembler, ~ d d e d 
Missile (mIX33) Tool Set, Organization Electronic 
Assembler, Guided Missile (NIXE) 
Tool Set, (camon), 


Organization Maintenance, U m c h e r Loader, Guided 
Missile (NME) 
--Classification as S m d s r d Types (u) 


PR- 


33762 EY 1951 OS&+, P-120 Funds--Guided Missiles and 
Associated Equipment --Procurement Authorization (S ) 


339'2 Guided Missile, XSAM-A-7 (m) 
, Procurement of (S ) 


34131 
Guided Missile, XSAM-A-7 (ETME), Procurement of (c) 


34722 
Ordnance Support Company Equipment - -Additional 
Procurement of (s) 


34741 
NlXE I, Ground Equipment --Procurement of (S ) 


35067 
Training Equipment for NIKE I and CORPORAL--Procure- 
ment of (c) 


26 Sep 46 


15 Mar 51 


APPENDIX 4 (Cont ) 
SUBJECT 


FY 1954 Fm(E Program--Additional Procurement of (c) 


NIXE--FY 1955 Procurement Program (c) 


Guided Missile, Surface-to-Air, XM1--FY 1955 Procure- 
ment of (c) 


Warhead Kit, Practice, Guided Mia sile m 6 3 - -FY 195 5 
Procurement of (c) 


Guided Missile, Surface-to-Air, XM1--FY 1955 Procure- 
ment of Approval By DEP LOG (u) 


NZH3 I Ground Equipment-FY 1955 Procurement of 10 
Additional Sets (c) 


NIXE Miscellaneous Items--FY 1955 Procurement of (c) 


NIX3 Ord 6 Test Equipment--FY 1955 Procurement for (c) 


NXE--FY 1955 Procurement Program (C ) 


WiXE Ground Guidance and Control Equipment--FY 1955 


Pracursment for (C ) 


Guided Missile, Antiaircraft, M1 (NIXE) Inert-FY 


1955 Procurement of (c) 


Universal program--FY (56 Procurement (c) 


N X E Missile and Missile Equipment-FY 1956 Procurement 


of (c) 


Inert Training Components for IVIKE I--FY 56 Procurement 


of (c) 


Eigh Performance Target Drones for NIKE AA Unit Tssin- 


ing (s) 


Guided Missiles, XSAM-A-7 (NIKE) --Deficiency Funding 


FY 1951 Missile Program, Project 1420 (~1430) (s) 


Guided Missile, XSAM-A-7 (NIKE I) --~ef 
iciency Fund- 


i w (c) 


TERMINATION OF DEVELOPMENT 


DOA ProJect 516-04-001 (~1-3000) 
N K E MAX - Termina- 
tion of Development (c) 


DATE - 


17 Dee 53 


20 May 54 


29 Jul 54 


7 Oct 54 


21 Oct 54 


21 Oct 54 


16 Dec 54 


27 Jan 55 


24 Mar 55 


24 Mar 55 


21 A P ~ 
55 


11 AM 55 


17 Nov 55 


lg an 56 


7 Jun 56 


20 Sep 56 


24 Apr 52 


5 Jun 52 


9 Jan 58 


Table 
Number 
I 


1. 


2. 


3 


4. 


5 


6. 


7 


8. 


Page 


230 


232 


233 


237 


238 


239 
2b 


240 


9-24-46 
1015 Hrs. 


9-27-46 
loo0 Hrs. 


10-1-46 
1029 Hre. 


10-8-46 
1153 -- 


10-ll-46 
09% Hra. 


10-15-46 
1423 Hrs. 


10-l.8-46 
1050 Hrs. 


SERXE8SF1TL--Iauncher snd booster performance satisfactory; missile aerodynamically 
skble both before and after booster separation. End-of-Boost Velocity: 1,840 ft/sec. 
Missile carsted to altitude of 30,600 ft. Time of fllght: 92 sec. 
Trm>act Distance 


From launcher: Hsslle 2.5 miles, Booster 8 miles. 


--Perfonname 
essentbUy the same as Round A. 
End-of -Boost Velocity: 1,900 


f't/sec; 
Peak Altitude: 43,300 ft; Time of Fllght: 98 sec; Impact Distance from 


hmrcber: msile 2.4 Pliles, ~ooster 0.6 miles. 


--Performance 
essentially the same as Round A. 
End-of -Boost Velocity: ,1,900 


ft/sec; Peek Altitpde: 42,150 ft; Time of Flight: ll0.35 sec; Impad Mstance frcnn 
hrmdmz 
0.4 miles, Booster 0.6 miles. 


SUeCggSR1OG-fauaeher, booster, and motor perPor?pance satisfactory. End-of -Boost 
Velociw: 1,900 ft/sec; Peak Altit-: 
between 130,000 and lh,0d0 Ft; Tima of Flight: 


about 206 -set; 
Distance f k m Launcher: Missile 4.3 m e , Booster 0.4 miles. 


PAEFUWM BaCCgSSAlC-Pour separation of missile booster cdabFaation was observed, but 
the l 
l 
~ 
- 
~ 
rocket motor perfomed satisfactorily. Poar separation attributed t o 
wlosian of age of the boo& 
units early in boost phase. End-of-Roost Velocity: 
1,850 ft/sec; Peak Altitude: about ll0,000 feet; Time of F l i a t : 199.2 sec; Impact 
Mataace fkakuncher: )Iisslle 17.lmLle8, Rooster 1.1 miles. 


--Erratic 
behavior of this r 
d 
steamed frc;n power plant failure. 


Seq~ence oi events dtlring -st 
phase iadicated some irregularity of thrust, or non- 


tdmnl- 
tbmst lmmrd the end of boost. Malfunction of power plant waa apparent- 
ly caused 
ilailure of pressme regulator in the. i'uel feed system. Another possible 


camw was 
of missile af't section and power plant by booster interference at 


sepvstiaP. Eod-of-Boost Velocity: 1,960 ft/sec; Peak Altitude: 58,900 feet; Time of 
Flight: 170.8 see; -.f; 
Distance frcm launcher: Missile 8.2 miles, Booster 1.0 miles. 


UB-*BS~ 
fsiled to attain srming altitude dve to engine trouble. 
A t 


separaf ion, buMkr &rack missile with sham sideward blow and knocked motor off . 
~ - ~ f - ~ o o ; r f 
Velacity: ktzmen 1, 
and 1,930 ft/sec; Peak Altitude: 35,500 ft; Time 
of FllgZl*: 56.8 sec (& 
t h e of fligh* for dupnqy row& without motors); lippact 


U-12-46 
1433 Hrs. 


ll-15-46 
1434 Hrs. 


1-10-47 
1530 Hrs. 


1-24-47 
1607 Hrs. 


1-28-47 
1405 Hrs. 


46-6 
UI(JSIICCESm--Motor broke away from missile at booster separation in the same manner 
as Round 4. 
Examination of missile bqattail sections showed mxkings and bends 
received frm sidewise blows of booster. 
End-of-Boost Velocity: 1,920 ft/sec; Peak 


Altitude: between 32,700 and 34,200 ft; Time of Flight: about 95 seconds; Impact 
Distance f'rapa Launcher: Missile 0.5 miles, Booster 0.2 miles. 


46-7 
U 1 0 ~ S F U L - - A n explosion occurred as the missile was rising in the launcher. 
Mi8sll.e and booster were disintegrated and launcher rails badly annvlged. 
Flight time 


l h i t e d t o 8.8 seconds. 


46-8 
~ S U C ~ - - A n o t h e r 
eqlosion occurred in the launcher, destroying the missile and 
booster, and again damaging the launcher rails. The F a s W Camera recorded three 
explosians In the Zsuncher, the first occurring af'ter the missile had moved 3 or 4 
feet. Time of fllght estlm8ted a t 7.5 seconds. 


46-9 
G E t U W U X SUCCESSFETL--With certaia changes to decrease changes of explosion, launching 
of thfs round was entirely successful. Sepasation was good, the End-of-Boost Velocity 
being c-d 
as 1,915 ft/sec. 
Power fllght phase was also apparently nonoa;l; how- 
ever, after the end of thrust, flight was far froDn vertical for uulsnd~ reasons. 
When 
last seen, the missile was about 2 miles away, still climbing fast and traveling in a 
south-southwesterly direction. Its peak altitude was estimated at about 102,000 feet, 
16 miles away. 
Although the missile was observed t o continue i n its southvesterly 


fllght, its impact-estimated t o be over 25 miles away-YBB not actually located. 
The, 
booster main assembly was found about k 5 yrsrds due east of launching site. 


46-4 
WSIK:CESSmn--W to booster misfire, missile failed t o leave launcher. When the fir- 
ing hpulse was delivered, there was a flash and burst of smoke a t the launcher, but 
no appreciable movement of either the missile or booster. 
h t e r inspection revealed 
that anly one of the four booater grains burned, and it at a mtly reduced pressure. 


SOURCE: Report on the Field Test Program of the 1w HIKE, DAC Report No. SM-13048, 8 Jul 47 


(ARGMI Tech Lib, R-14951) 
.. 


OBJECTM3: To test %he launch, boos+,, amd seprtration phaseo of the flight using the single Allegany 


booster a d the single-pail launcher. 
--- 
Round 
S 
14 
15 
16 
17 


Missile Serial Number 
47-4 . 
47 -17 
47-18 
47-11 
47 -14 
Type of Missile 
Dummy 
Powered 
Powered 
Powered 
Powered 
Date of Firing 
6-17-48 
6-29-48 
7-1-48 
7-8-48 
7-13-48 
Time of Firing, MST 
1544 
0930 
0939 
0930 
0931 


Launching Angle, Degrees North 


from vertical 
2O 
2O 
2O 
20 
b0 


Velocity at End of ~oost, ft/sec . 
1600+ 
1880 
1885 
1880 
1900 


Altitude at End of Boost, 
feet above WSFG 
1800s 
3150 
3230 
3272 
2100 
Time at End of Boost, seconds 
2.30* 
3.24 Bendix 
3.19 Bendix 
3.19 Bendix 
3.14 Bendix 
Observations concerning Boost 
Excellent to Slfght disper- 
time of fin 
sion to north 
failure 
Observations concerning Separation 
- 
Satisfactory 
Satisfactory Satisfactory 
Satisfactory 
Velocity at Missile Motor Burn-out, 


ft /sec . 
- 
2200 
2450 
2200 
- 
2350 


Time of Missile Motor Burn-out 
18.7 
21 95 
16.22 
19.46 


Observations concerning Flight 
- 
Normal- 
Dispersion 
Normal 
Trajectory lower 
to NE 
than predicted 
Altitude at top of TraJectory, 


967 000 
feet above WSPG 
- 
- 
89, 000 
23 , 
500 
- 
Time to top of Trajectory, seconds 
75 
- 
73 
32 
- 
Time to Detonation, seconds 
152 .70 
23 -85 
136 35 
59-15 


Missile Impact Location from Launcher 
1/2 Mi. FIE 
5-1/2 Mi. W 
2Mi.NE 
6-3/4Mi.N 
18 Mi. N 
Booster Impact Location from Launcher 
1/4 Mi. SE 
3/4 ~ i . 
NE 
1/4Mi. NW 
1Mi. N 
4-1/2 Mi. N 
Missile-Borne Camera Recovery 
None carried 
Recovered 
Recovered 
Recovered 
mot found 
intact 
Remarks 
Inst. film 
High lateral 


Both films 
Both films 
good. Helio- 
acceleration 
good. 
good. 
graph camera 
during motor 


did not run. 
burning. 
*Booster fins failed at 2.30 seconds. Data listed comesponds to this time. Flight abruptly terminated. Time 
of h s t booster flame 2.83 seconds. 


+oscilhtions during descent. 
- -- 


Round 
1 
18 


Missile SerLal Number 
48-20 


DBte of Firing 
7 -16-a 


Time of ~ l r l n i , lm 
1040 


Isunchhg Angle, Degrees North 
- 


Fram verticel 


Zshcher Number 
Velocity at End of Boost, ft/scc. 
Altitude at Bnd of Boost, 
feet above WSW 


Time at End of Boost, seconds 
Observatians concerning Boost 


Observatians caaeerning SepBlta'tion 
Velqcity at PPissile Motor Burn-out, 
u 
B%!S 
fi/eec. 
% of U s i h Motor Bum-out, seconds 
Altitude at tap of 'Aajecforg, 


feet above 
.. 
-. OD 


Time to tap of !haJectory, secauds 
Time to detoprrtion, seconb 
camand 
g i g 


Missile lhpa&t Location f ' k Ztmcher 
=g $ 


Booster 3n1=& 
Locgtion from Iauncher 


2.30 
Satisfactory 


Satisfactory 


2400 
21.47 


2,334 ft. 
at 2100 


Stabilized 2 
times out of 5 
cammde be- 
fore losing 
A 


hydraulic pres- 
sure. 


20 


1 (short rails) 


2.20 
I 
2.20 
Satisfactory I satisractory 
Dispersion 
to east 
Satisfactory 
Satisfactory 
Satisfactory 


3,160 ft. 
3,500-i"t* 


at 73O 
at 1w 


Stabilized 
Failed to roll 


onfy during 
stabilize d m - 


first cam- 
ing any por- 


mand period. tion of the 


night. 


all camnands ex- 
cept where pro- 
gram interval 
was too short. 
(Rate! gyro in- 
stalled) 


TABLE 3. 1948 
FIELD TESTS-48-1 TESP SWIES 


Amendix 5 
SOURCE: Project rmXE Status Repo 
ec 48 (ARGMA Tech Lib, R-12083) 


OBJECTIVE: 
To teet the 48-1 version of the Aerojet cluster booster preliminary to using it on the 
48-1 live missilee. Round "Q" was also fired to test detonator system circuit response 
to signals From the beacon c 
k 
d 
or fail-safe system. 


Missile Serial Bmber 
47 4 
47 -K 


Date of Firing 
6-15-48 
6-24-48 
7-1-48 


Lsunching Angle, Degrees North 


from vertical 
I 
2O 
I 
2O 
I 
2O 


Launcher Hmber 
2 
2 
1 
Velocity at lEnd of Boost, ft/sec. 
1750 
1760 
170 


Altitude st m d of -st, 


feet above WSPO 
2470 
2460 
2460 
Time at Xnd of Boost, seconds 
2.58 
2.53 
2.62 
Deviation a% End of Boost 
Satisfactory 
Satisfactory 
Satisfactory 


Observatiom concerning Boost 
Satisfactory 
Satisfactory 
Satisfactory 


Observations concerning Separation 
Satisfactory 
Satisfactory 
Satisfactory 


0bservati.a~ concerning Free Fllght 
Satisfactory 
Satisfactory 
Satisfactory 


Altitude at Top of Trajectory, 
feet above WSPG 
34 160 
34 200 


45 
45 


32,720 


Time to Top of Tra,jectory, seconds 
44 


Duration of Flight 
96-13 
95 -01 
95.82 


Missile Impact Location f'rm Launcher 4,590 f% . at 34O : 6,540 f't . at 340° U, 
673 f't . at 313O 


Baoster &pact Location from Isuncher 2,320 -.at 
220' 
2,685 ft. at 335O 
3,006 ft. at 1370 


Detonation System Check 
(powder explosion), Time, Seconds 
45.1 
Not detected 
41 95 


2560 
2.66 


Slightly Esstward 


Satisfactory 
Satisfactory 
Oscillations for 
short time 
after boost 


10,800 ft . at 770 


7.200 ft. at 19' 


Welemeterlng Inoperative fraPl 7.5 to 84.0 secopda. Detonation system was satisfactory during recorded time. 
I 


TABLE 3. 1948 
FIELD TZSTS-48-1 TEST SWIES (COIX~) 


A P P ~ ~ ~ x 
5 


SWRCTE: 
Project KXR Si%ttzs Rem%, BIT,, 15 Dec 48 (ARGMA Tech Lib, R-32083) 
('lable 3) 


2- 


I 
OBJECflVES: 
Rotmcls 24 & 2540 test the autoPna c 
- o triiel system during a seriee of Internally 
m 
I 
A 
L 


prograumed ccanmda for spin snd etabilization. Rounds 23 & 2 6 4 0 teet the pitch, 
yav, and roll-control system8 in a program of commands for specific pitch accelerations. 
- - 
- 
- - - - 
~ o u d 
Missile Serirrl Bunber 
Phase 
Date of Piring 
TirPe of Firing, MSP 
Launching Angle, Degrees North 


*OD vertical 


Altitude a t Ehd of Boost, 
feet a-e 
WSPG 
I 


Lsuncher lhmber 
Velocity at End of Boost, ft/sec. 


Time e;t Bzd of Boost, seconds 
I 


Observations cancernine Boost 


- 


- 
ObserwMans concerning Eleparation 
Velocity at Missile Motor Bum- 
out, ft;fuec. 
I 


feet abore WSR3 
I 


"fia8Mm t."""fml 
I; 


Booster liapact Location A.ap 


R c 5 a d s s on Coptrol SJrstem Opera- 
tion 


2.30 


1Satisfactorg 
Sat i sfactorg 


19,5al ft. at 2 5 9 45,100 ft. at 83' 
83,500 it. a t 201' 
I 
I 


29-37 


29-37 (by cranwnA) 


2. k 


Satitrfactory 
Satisfactorg 
2261 a t 19.13 


steeriag clxrtrol 
largels unsuccess- 
fkq. Instability 
in mering 
sy-• 


2.60 
Satisfactory 
Satisfactory 


90 


l82.0 (an inrpsct) 


1,630ft. at 18rb 
Roll ccarhr,1 and 


, bilization a n - 


, ever cosmneaded, at 
least for tele- 
metered pazt of 
flight (19-38 
seconds, no record 
of flight). 


* 


181.25 (on impact) 


I 


*%fa not obtsined. 


2,800 ft. a t 1700 
Achieved fair 


2.50 
Satisfactory 


3,960 ft. a t loo0 


Achieved r o l l sts- 


Satisfactory 


3,300 fi. a t 790 
Steering system 
instabiiits evi- 
dent. Better 
behaved than Round 
23 


TABLg 3. Xw m FIETzI wJ~-48-1 TEST mm (cont) 
Appeaclix 5 


SVJRL'Z: 
Project ?43E3 St6t.36 
Tech Lib, R-22083) 
(%!able 3) 


- 
- - 
235 


-- 


test pitch, yaw, and kll-c&trol systems in a progran of cwnnands for specific 1 


Round 
21 
28 
29 


Phase 
Step function 
Step function 
II 


Missile Serial k b e r 
48-30 
48-33 
48-27 
' a t e of Firing 
10-15 -48 
10-22-48 
11-9-48 
- 


Time or Firing, MST 
1121 
0944 
1003 


Launching Angle, Degrees North 


from vertical 
20 
2O 
2O 


~auncher 3mhr 
I 
2 
1 
2 


Velociw at End of met, ftr/sec. 
1830 
1795 
1780 
~ltitude 
a t w 
-st, 


feet above WSEG 


Time at Snd of Boost, eeconds 
Observations ccrncerning Boost 


2321 
2520 
2450 


2.43 
2.69 
2.63 


Satiefactory 
Satisfactory 
Satisfactory 


O b s e r v a t i c ~ n e cancernin@; Seperatian 
Satisfactory 
I 
Satisfactory 
( 
Satisfactory 
Velocity at Jf.br~ile Motor Burn-out, 1 
I 


seconds 
8.W 
U. 
4 
20.6 


A l t i b a e at Tap of Ra3ectoryY 


feet above WiiFG 
k, 700 
72,L80 
59,790 


Time to Top of fhajectary, 8econds 
48 
5 5 
51 
' 
Time t o Detonation, aexmdrr 
118.3 (c-d) 
Unknown 
122.6 (cnmm~nd) 


Missile Impact Locatian fmsn 
108,300 ft. a t 
Launcher 
44,000 f't. a t 322' 
338O 
- 


Booster hcact Ucatlan fran 
- 


Launcher 
5,200 f't. at 84O 
3,100 ft.at l l 7 O 3,&0 
ft. a t 1 4 9 
I Remarks on Control System Operation Planned trajectory Programmed tra- Steering instabil- 


not attained 
jectory was 
i t y greatly re- 
because of late 
satisfactory al- duced over pre- 
p~)- 
and 
though higher 
vious Phase I1 


short motor burn- 
than predicted. 
rounds. 


ina. 


ttch accelerations. 
4 
11 (modif. tra j . ) 


48131 I 
ll-12- 


Satisfactory 


4,820 f't. at 940 


Steering system 
- 


successful as in 
Round 29. Changes 
t o roll-control 
system also suc- 
cessful. 


3 


Round 
. 
Missile Serial Number 
Date 
Time of Firing, MST 
Launching Angle, Degrees 
North from vertical 
Separation Time, seconds 
Time of Missile Motor Burn-out, 
seconds 


Maximum Velocity, ft/sec 
Detonation Time, seconds 
Detonation ~ l t i t u d e , feet above 
WSPG 


. 
.~ 
- . 


Detonation Ground Range, feet 
Detonation Azimuth A.&- Launcher 
Missile Impact Range, miles 
Missile Impact Azimuth 
Booster met Range, feet 
Booster - h & c t ~ z & t h 
Altitude of Missile Motor Burn- 
out feet . above USE 


Maximum Altitude, feet above 


WSPG 
- 


Remarks on Control 


65,200 


Electro-mechanical faults 
resulted in violent short 
duration oscillation 
early i n flight and rapid 
spinning later. Fault 
cleared, missile stabi- 
lizing when detonated 
Premat w e b . 


37,200 
65,000 


Intermittent ground on 
Very satisfactory except 


I pitch rate gyro brush re- 
sulted i n violent gyra- 
tions and low speed 
flight. Afforded good 
data. 


at maximum altitude 
r o l l oscillation accurr- 
ed. h his concluded t e s t 
firings with the Aerojet 
Cluster Booster. 
Single 


Allegany booster used in 
all subseauent f irinas . I 


TABLE 4. 
FIRING DATA-NIKE-48 ROUNDS 31, 32, AND 33 
Appendix 5 
SOURCE: 
Project NIKE Status Report, BIT,, 15 Aug 49 (ARGMA Tech Lib, R-12084) 
able 4) 


OBJECTIVE: To test the 482 dummy missile for all phases of flight: launch, boost, separation, and 
free flight, using the single Allegany booster and the single-rail launcher. The primary 
purpose of Round "RR" was to test the parachute recovery system. 
- - 


Round 
Missile Serial Number 
, 
Date of Firing 
Time of Firing, MST 
Launching Angle, Degrees North 
from vertical 
Velocity at End of Boost, ft/sec. 
Altitude at End of Boost, 
feet above WSPG 
Time at End of Boost, seconds 
Observations concerning Boost 
Obsem$i$ons concerning Separation 
Observations concerning Free Flight 


Altitude at Top of Trajectory, 
. . 
feet above WSPG 
Time to Top of Trajectory, seconds 
~uration of ~1i~h-t; 
seconds 
Missile Upact Location fran Launcher 


Booster Impact Location frcxn Launcher 
Detonation System Operation 


Remarks 


3.20 
I 
3.50 
I 
3-49 


Satisfactory I 
Satisfactory 
Satisfactory 
Satisfactory 
satisfactory 
Satisfactory 
Satisfactory 
Satisfactory 
Oscillations 
during last 20 
seconds of flight 


98 -74 
.g8.21 
- 


Approx. 3 Mi. 
. 17,700 ft. at 3550 23,270 ft. at 2690 


N. (not found) ') 
(radar plots)-- I 


1 4 2 Mi. N. - 
4;990 ft: at 30 
6,815 ft. at 33Y0 


Telemetering 
Command, satis. 
Cmmnnnd, satis. 


and Beacon not 
Fail-safe, 
Fail-safe, 


ed because of 
premature 
flare ignition 


cg 134.5 


3.358 


Satisfcatory 
Satisfactory 
Satisfactory 


3,295 ft. at lgO 
85.70 seconds 


Parachute recovery 
system satisfac - 
tory except main 
parachute release 
mechanism allowed 
premature deploy- 
ment, resulting in 
failure in several 
panels of para- 
chute. 


TJU3L;E 5 . 1% 
NZCE FZELD TESTS-48-2 TEST SERIES 
Appendix 5 


SOIJBCE: 
Froject NIICE Status 
48 (ARGMA Tech Lib, R-12083) 
able 5) 


33R 


TABLE6. AME 484 FIELDTESTS 


Round NO. 
Hiswile Ao. 
Test WJectives 
Reumrks 


m t e Fircd 
34 
To deterrine the ability of the 
Good roll transient responses indieatad by telemctcring. Rogr-d 
c a m a d s 


w - 3 5 
m l l systca to stabilize the 
properly trandtted by radar, received by beacon, and converted into aileron 


23 J&I 50 
missile under coniitions of 
deflections by yaw c m m n d circuit. 
- - 
. 


combined pitch and yaw c-s 
and to test the general mu & 
8teeriDg stability. This vas 
rlso the first field demn- 
stamtion of the AME mmopllse 
radar. Also to deterrine 
missile control and acrodrmdc 
caaracteristics in m l l (pitch 
.--.- 
~ 
-. 
- 
- 


fins w c h . n i ~ 
ioclred). 


sane M Rourd 34. 
Ailemns vent hard-over at X-3 seconds 4 
rwained for entire fllght. DeZo~tion 


occurred by fail-safe at 19.4 secs. 


484-3 
separation, the missih m l l stabilized with n o d transient behavior. ~ o l l 


3 Fcb 56 
stabilization vas n o d until 7 secs when d 
roll disturbances took lace. Later 
- --- .. 


roll dlkurbances ;ere quickl; damped. 20 cps oscillations present. - 


37 
Same as Round 34. 
Roll stabilization occurred 
sec after separation & van maintained throughout flight 


484-39 
except tvo Bort periods. Nearly all progrmm?d -8 
in pitch &yaw executed 
9 Feb 50 
satisfsctorily. The 20 cps oecillationa present. Missile trajectory closely 
iolloved the predicted flight wth. 


38 
Same ss Round 34. 
At 6 secs, pitch fin mved f r m s negative deflection to a he.rd-over positive position. 
484-10 
Data indicates missile m l l stabilized inonedistely after separation, and, except for 
14 Feb 50 
minor disturbances, rarained m l l stabilized until approximtely 24 secs, st which t h e 
large oscillations in pitch acceleration & roll began. X) cps oscillations preaent. 


79 
Same as Round 74. Also to test 
Oscillations in itch k yaw were ~resent 
as in previous firinls, but -re 
s ~ ~ i a l i z e d 


&-41 
the NKE 
launcher. 
ins-ntation 
gave clearer pict;re of the oscillations. NO-indication of-fin or 


23 ~ e b 
50 
aileron drift, which marred previous firings, existed in this firing. 


40 
Same as Round 34. Also to test 
Roll stabilization van satisfactory throughout m s t of the flight. Although modi- 


484-42 
ndnr perfolgnce through an 
fications to this missile included filters in the control system shaping networks in 
2 1hr 50 
overehat, and radar tracking 
an attempt to prevent the 20 cps oscillations which existed on the past rounds, the hi& 


& guidance close to inpact at 
frequency oscillations were still present throughout the flight. In the latter portior 
tentative ground target 
of the night, the missile van guided by m u d override tomud s pre-arranged impact 
location. 
area, & van hesded tomud that location in all coordinates when it became unstable at 
62.5 aecs. 


'11 
Same as Round 34 and Round 4Q. 
Slight oscillations during boost; s e ~ t i o n 
n o d . Missile entered heavy clouds at 


!4.!!4-49 
60 secs: hcmver. autmatic radar trackinn vaa maintained to inmact h rll c 
d 
s 
were 
14 I& 50 
received & executed. Missile van stetredvery close to desiezmied ground target point. 


42 
Same as Rourd 34. 
Roll stabilization van good. A roughly cyclic (9 cpe) oscillation in pitch n s 


484-45 
mesent durilut boost. Also. 33 cps oscillations in both pitch & yaw were present 
- 
- 
. -- - 


21 )*rr 50 
ihmughout flight. 


43 
Same as R o d 34. 
Also, to in- 
Roll b steering behavior were both good throughout the telemetered porticn of flight 
484-44 
vestinate control system m r - 
exce~t for lov amulitude 3t cps osci&.tions 
& overdamed acceleration transients. 


23 Mu 50 
fo-ce 
in the trahsonic'k 
~oost 
behavior ni no&;' 
G a r records ohov the nlsiile responded to all c 
d 
s 


subsonic regions. 
in the transonic end subsonic regions. 
% 
Same as Rouod 34. Also to test 
Olrerdemped accelerations k lov frequency, lov amplitude oscillations present. Roll 
484-47 
operation of s system by de- 
syatcm van stable until 45 secs vhen oscillations began causing the missile to roll 
28 1hr 50 
layirg the start of missile 
completely w e r at 50 secs. At 85 seconds the ailerons drifted to a hsrd-over negative 
mtor until after sepamtion. 
wsition causing a high spin rate, beacon failure, & eventually fail-aafe detonation. 


45 
%me ss Round 94. A b o t.4 
teat 
M M d override co~mbands niven to obtain zero lift aercdnurmic data k to keep the miss1 


&-46 
lightweight inkcher, not bolted 
within radar range. ~cceieration transients were still slightly werdanped.- Roll 


31 Mr 50 
to concrete pad. 
stabilization good until 129.3 secs when the ailerons drifted to hard-over negative 
position causing high roll rates & eventually hil-safe detonation. Ercessive noise in 
c- 
chsnneh caused d a m fin motion. 'IW mptures found in =tor cooling jaeet; 


larger holes burned in adjacent missile skin. 
46 
Ssne as Aound 34. 
Also to test 
Acceleration tr~aientbehavior 
improved. Mtion of pitch fins erratic, changing from 


4&48 
linhtveieht launcher. 
traacoidrl to sinusoidal with chanses in c d s . Roll stabilization van excellent 
- - - 
- - 


7 A P ~ 
50 
until 95 secs vhen the velocity had-decreased to less than 100 ft/sec: the missile 
stalled then tumbled until detonation. Launcher satisfactory but disconnect was damaaed 


47 
Ssne as Round 46. 
Roll stabilization vas excellent throughout the flight. Steering behavior vas g o d 


481-36 
except for bending oscillations which appeared up to U seconds and emsll amplitwie 


ll Apr 50 
2 cps oscillations in fin & rate gyro feedbacks during m o t of the flight. b u d 
ccmmmds in pitch were given frm 46.1 to 53.5 sees & from 58.1 sees to detonation. 
The launcher sustrined the firing satisfactorily. The disconnect assembly vas 
slightly damsed. 


48 
Samc M Round 34. Also, test 
Flight van nolmal until 29 secs when the yaw fins.vent hard-over in the positive 


484-4 
delayed rotor start system, an 
direction. Control vas regained at 65 secs & held until the fins went hard-over in 
14 ~ p r 
50 
5 0 c of sttack ncter & the 
a negative direction at & secs. The d 
e 
w 
mator start vas successful. Althmqh 


lightveight launcher; also, to 
the shift of the center of gravity reduced missile sttic stability, the response va?r 


demnatnte the effect of shift- 
essentially the samc. The rngle of attack meter operated satisfactorily. The light- 1 


ing the cg 2 inseaft. 
veight launcher vas not danaged. 
7 


Same a8 Round 34. 
Also, test 
Steering behavior bun good except bending oscillations vere &dent 
again in steering 


%-5o 
ligbtvelght launcher & the 
channels during mtor burning. Roll stsbilization n s satisfactory throughout the 


20 Apr M 
effect of &ifling the cg 2 
flight. Shining of center of gravity did not affect missile behavior. Disconnect 
- 


ins. aft. 
ass&ly 
on launcher vas slightly d&d. 
1 


TABLE 7. 
TtX3 b9A PROV?X GROUM) TESTS 
Round NO. 
Itissile NO. 
*. 


Date Fired 


~'EST o r n l V E : m i s aeries of test. van to provide increasd perfomace nnd facilitate production by 
testing vrrious chmges g b e on the 484 Hiasile. 
The most iaportant of these ch.ngea w r e M follovs: 


(1) starting the nustainer mtor after separation (2) W i n g the center of 
vity clmer to the dynnmh 


w 
e 
e 
point (3) -tion 
of the receiving ud trmnmitting an-s 
(bGttar 
p . c U of the 


clcctmnic. 
( 5 ) hin. of -ufac+arine 
tolernncer on the hydrurlic cantrol d v e s (6) A ch.nge in fin 
- -. 
. - . 
- - 
.-, 


construction 
(7) ~ r p k m e n t d 
use of bLadder tm&s 
in tvo of the 490 Seriea Wssiles. 


50 
Roll stabilization a t separ.tion 6003. 
Plteh & yav f 
i 
~ 
(ud rate) sonwhat om- 


'90-57 
c i l l a t o y Uuough flight. 
Roll stabilization not w l i d under rolling mnenta imposed 


bv o s c i l l t i n . steerina fins b by f i s h t d l c 
w 
s 
a t 48.033 it k70° roll). 


TAsLE 8. 
AIXB 490A -ARY 
FIHD TESTS 
60 
To test the acid-aniline p e r 
Sntisiactory - The trajectory ma approxistely a s predicted. 
The missile mtor burn- 


49-65 
p m t system t o ensure h i l l 
ing n 
m 
no& 
vlth a t o t a burning tkc of 21.2 aecs. 
The buildup of the chaDber 


12 Anr 51 
duration of =tor burning. 
Also 
pressure vs. r e y rapid n t h e r than s l w M in the previous m(B 4 9 f i r i w , ard 


t e s t the -ford 
device 
&mined ate& 
through burnout. 
I 
~ 
- 
~ 
. 
~~~~ 
- - 
k the ~potting ebarge. 


61 
SsrauRound60. 
Satisfactory - lateral a c c e l e m t e r s recorded an accelention in both the pitch & ynv 
p h e s a t separation. 
Ibis "kick" resulted in a higher tnJectory than expected. 
m e 


duration of mtor burulna vs. 20.7 secs. 
Ibe mtor chamber Dresswe hed a r e y n p i d 
1 -- .- '- 
buildup b cutoff; it fluctuated for approximntely 1.4 mecs a; the start of mtor 
burning but remined very close to 315 psi throughout the burning time. 
62 
To t e s t the control netvork 
Malfunction - A high frequency oscillntion begnn in the pitch k ynv steering channels 


49-70 
revisions b to t e s t the acid- 
betvcen 4 b 5 secs. 
The oscillations caused the m i n fins t o be loaded beyond their 
7 Sun 51 
aniline pwer p h t system 
structural l i m i t 6 M a result both pitch m i n fins b one ynv m i n fin separated fbao 


under r n o m r i n e coditions. 
the missile a t about 10 secs. 
'Ibe missile motor continued t o opente satisfactorily 
-~ 
~- 
during all the oscillations except for saw a w n d i c burning just before burnout. 
63 
To t e s t the acid-gasoline ponr 
Mdfunction - Fbver plant system explosion during starting phase. 
Separation n s 


4 9 4 8 
p h t system in night. Also, 
completed a t 3.29 sees. 
The missile experienced a l a t e d acceleration beginning a t 


15 Jun 51 
testing Prsnkfort amlug device. 
separation b building up t o 3g in pitch b 5.56 in yav a t 3.6 aecs. 
Camcra records 


s h d an object leaving the missile a t 3.63 secs 6 later frames 
indicated thnt a 


wrtion of the missile a f t end n a missing. 
64 
To test control netvork re- 
Wiunction - occurred before sepsration vhich resulted in erronems c 
d 
acceler- 


490-71 
visions b chsnges in propellant 
ation levela b d m a possible large loss in gain of the yav amplifier. 
Mtor burning 


28 Jun 51 
burst diaphrnpa of a c i d m i l i n e 
durntion vas &out 18 seca. 


m e r plant system. 
65 
M 
M Round 64. 
Mdfunction - The launching phale n s n o d fran the standpoint of bwater & ponr 


49-72 
p h t operation; hwever, a rmlfuuction occurred in the missile vhich resulted in an 
14 Jul 51 
unbdance of the contml ai& 
%tor burning duration n s 19.8 sees. 
a 


EVOLllTION OF 'J3B NIKE MISSILE 


in Inches 
I 
Length 


~ 
~ 
~~ 


AAGM 
46 
47 
481 
482 
484 
4%) 
491 


Cylinder Section 
Diameter in Inches 


BOOSTER 


Over-all Main I 
Over-all Control Gross Weight 
Fin Span in Inches Fin Span in Inches in Pounds 
I 


1 
MISSILE-BOOSTER COMBINATION 


-- - - 
- - 


Over-all Length 
in Feet 


AAGM 
Cluster 
Single 


Gross Weight 
in Founds 
Rated Vacuum 
Thrust in Pounds 


933 ooo 
88, 000 
49,760 


*Variance due to changes in thrust structure and 
in stabilizing fins. 


Burning Time 
in Seconds 


1.8 
2.5 
3.5 


490-single 
491-single 


Gross Weight 
in Pounds 


2,020 
2,268 to 2,424* 
1,520 to 1,592* 


- 


Model 


AAGM 


46-cluster 
47-cluster 
47-single 
481-cluster 
482-Single 
484-single 


N X E R&D SY- 
TESTS 


15 November 1951 - 24 A p r i l 1952 


Round 67 - Fired 15 Nov 51 - Type Target: Ground 
SUCCESSFUL - NO C O M P O ~ 
~ 
C 
T 
I 
O 
S 
. 
This was the first firing of a NSXE 


Missile Kith all ground control equipnent (exclusive of acquisition). Round 
was directed at a ground radar reflector tnrget located about 15 miles north 
of launcher and 18 miles north of radar staticm. 


Round 68 - Fired 16 Nov 51 - Type Target: Ground 
UNSUCCESSFUL - MISSfLE C O M P O ~ 
FAZWRE. 
Flight was inccmplete due to can- 


ponent malfknction (not of a design nature) which caused loss of beacon si-1 
a t about 12.75 seconds, followed by fail-ssfe detonation at l8.25 seconb. 


Round 69 - Fired 2'7 Nov 51 - Type Target: QB-17G 
SUCCESSFUL - NO CoMF'oI4EIJT MALFUlPCTIOm. 
This was the first firing of a WEE 


against an airborne non-maneuvering target at a specific intercept point. 
Time of flight, 37.5 seconds; performance of entire system was excellent. 


Round 70 - Fired 4 Dec 51 - Type Target: QE-lTG 
PARTDULY SUCCESSFUL - C O M P O ~ 
~ 
C 
T 
I 
~ 
. 
Missile failed t o respond t o 


commands during last 5 seconds of flight. Telemetering records also showed 
that burst ccxnmand was executed 2 seconds late. Almost Immediately after 
mirssile spotting charge burst, the drone went out of control and craskeZ- 
a l l camera records in drone lost. Missile was definitely not the caw2 of 
this accident. 


Round 71 - Fired 11 Dec 51 - Type Target: QB-17G 
PARTIATJlY SUCCESSFWL - C 
m 
MALFUNCTI01Q. Missile performance same as 
in Round 70. 


Round 72 - Fired 11 Dec 51 - Type Target: 
QB-17G 


BTINSUCCESSFUL - MISSILE CaMPOmE3QT FAILURE. 
Almost Immeaiately after take-off, 
the beacon response disappeared and the control voltages in missile be- 
to 


exhibit extremely erratic behavior. 
Both conditions persisted mtil fail- 


safe Betonation about 8 seconds aftrer IlFt-off. 


Romd 73 - Fired 18 Dec 51 - Type Target: G r o w 
SUCCESSFUL - NO CQMPONERl! MAWUIVCTIOXVS. 
This round was fired at a g x m d 


target due t o malfunctioning of drone equipment. Missile successfblly 
launched and guided t o target by computer and missile radar. 


Romd 74 - Fired 22 Jan 52 - Type Target: QB-17G 
WNSarCCESSFUL - MISSILE COMPOrSENlf FAILURE. 
Missile failed t o respond to 


steering commands and some observers reported that the missile rolled con- 
tinuously throughout flight. Since this missile was thoroughly checked 
before take-off, the implication is that sane part was m e d by shocks 
swtained during boost. 


mncE R&D SYSTEM TESTS (cont ) 


Romd 75 - Fired 29 Jan 52 - Type Target: QB-17G 
swCCESSFUL. Roll stabilization and receipt and execution of orders excellent 
throughout flight. About one second after burst of spotting charge, flight 
was unexpectedly texmlnated by detonation of mlssile destructor charge- 
caused by unexplained operation of the primacard destructor mechanism. 


Romd 76 - Fired 29 Jan 52 - Type Target: @-l7G 
SiXCESSRK. There was no spotting charge burst for this round because the 
bmat circuit was inoperative-a 
fact known before round was fired. Shortly 


after take-off, the 5-volt instrumentation chamel voltage dropped to zero 
for 3 seconds then returned to n o d . Thereafter, missile operated well. 


Round 77 - Fired 5 Feb 52 - Type Target: QB-170 
YJCC'ESSFUL. Thie a s the eighth missile to be fired againat a drone air- 
craft, the fourth highly successful drone shot, and the FIRST to make a 
d k z e ~ t hit on the target drone. Dmedlately after burst, the missile struck 
tbe t a i l asambly of the drone, causing serious damage. Controllablllty of 
%he &me was SO marginal thereafter that the drone was landed as quickly as 
1 
Both ground and target camera records were excellent. 


RomJ. 78 - Fired 7 Feb 52 - Type Target: w-170 
E P S i T ' ~ Y SUCCESSFVL - CaMPOI'IENT MALFUmCTION. 
Study of the azimuth orders 


gmemted by the c-ter 
showed that orders were exceedingly rough; periodic 


t m nnPS juinps detected. Large azimuth emor attributed to a faulty resistor 
ki the cmputer. 


Wvml 79 - Fired 7 Feb 52 - Type Target: Q3-17Q 
LWWC@ESSF& - COWWEXI! FAIUIRE: AT IA%mrCR. Missile exhibited such erratic 
b&avAsr, fluttering of fina, that it could not be controlled. It was 
e ~ d - 3 e s t r o ~ d 
a t 55.5 seconde. 


R 
+ 


:WSEGESSFVL - MISSILE CCWONZdT FAaPTRE. 
Mimile sustainer motor did not 


spaate and both roll stabilization and steering were ccmpletely inoperative. 
Eyakble diagmeed by inspection of wreckager Safety wire on air regulator 
wive release lanyard wa~ wedged into the valve plunger lanyard hole, ren- 
ZCPYUIIL~ the air regulator valve inoperative, Pressurization of the susterber 
sr~ltosr, steering and stabilization system never occurred. Missile f l e w a 
hXLP~-bic trajectory of a dwnmy round until camand destroyed. 


Rcmd 82 - Fired 29 Feb 52 - Type Target: QB-17G 
LWSeBCCESSFUL - MISSILE CWEQNEEF FAILURE, 
Missile beacon signal received by 


drzaile raw became progressively worse after launch; a t 31 seconde the radar 
lwt automatic trackfng. 
Fail-safe destruction was ordered a t 41 seconds, but 


the destructor system failed to operate, presunatbly because crarrm~nd c-la 
Y C F ~ 
filled with noise even after the radar transmitter was shut off. The 


ndssile erarehed into the mountain side about 15 miles fYcm launcher a t 72.45 
seeandw. 
Thils was the fifth failure of about the same type among the 16 


s y & a test rounds fiped since 15 Hw 51. 


-= 
7 


MIKE R&D SYSTEM TESTS ( ~ o n t 
) 


Romd 83 - Fired 4 Mar 52 - Type Target: QB-17G 
SUCCESSFUL - NO COMPONENT FAILURES. 
This was the second round to score a 
direct M t on drone. 
A t the time of firing, weather conditions were un- 
favorable and the drone had to be operated below 20,000 feet. The drone 
was instrumented to perform evasive manewers before and after intercept; 
however, tMs could not be done because of a radio receiver failme in 
the drone. For the same reason, the drone cemeras did not operate! during 
interception. Missile penetrated Fuselage of drone, entering the waist 
gunner" 
windm and emerging near the tail wheel, Missile beacon and 
telemetry signals failed a t contact as did the drone beacon. The mother 
aMp tried to land the damaged drone but failed. It crashed and burned, 
a total lom. 


Round 86 - Fired 28 Mar 52 - Type Target: gB-17G 
UNSUCCESSFUL - MISSILE CClWWRiT FAILURE. 
Round experienced a p m r plant 


failme a t separation, cawing an explosion wMeh disrupted missile oper- 
ation. Telemeterhg stopped a t 6 seconde. 


Rsmd 87 - Fire& 28 Mar 52 - Type Tsrget: QB-17G 
BMEUCCESSFUL - MICSSEE C O M P O ~ 
FAILURE. 
The pitch-rate gyro did not 


fmctim, causing two main fins to tear off a t about 8.5 seconds. Pitch 
sscillertims ineregeed after separation until both the roll and steering 
rrystem were h~p3z%ble a t 7 seconb. Beacon signah received mtil 40 
sseands, a t which time the spotting charge buret was ordered by cmputer. 
Eseile m&w wao t w x d off a t 43 seconds; self-destruction followed a5 
49 seeon&. 


Rmmd 88 - Fired 2 A p r 52 - Type Target: 9B-l7G 
PlUTWXY ~ 
C 
E 
S 
~ 
- C C B P O m MALFUNC11ION. This round was the first 
to eam=y a live warhead. Large azimuth error attributed to computer can- 
e 
f a i l Pn api%e of the large miss distance, the warhead cawed 


mwh 9PC" k i l l damage.* 
Saw 168 holes were found i n drone. 
A dunmy, ulsati 


Ls elmlate the b m M e r , was considered killed, as was the "navlgatm. 
Tke Weo-pil&m was inJured; ~~c 
systesn put out of operation; bcon- 


tar&tcr% slrap-nt 
bdly damaged; and sane damage to electrieal equip- 


m m t of tbe drone. Reear& ehmd that miasib was executing pmper 
ewmterhg manewers a t intercept. C e r a records plus drone damage in- 
dicated t h a t the three warhead sections a l l detonated. 
Control of the 


&+one m e mraintabed after warhead burst; and despite the fact that a°erg- 
m m t ~ 
had cut hydraulic lines contmUing flaps and brakes, a successful 


landing wae made. 


R m d 89 - Fired 10 Apr 52 - Type ~arget: a-17G 
UR3JCClBSFeK - MISSILE C 
e 
FAILUE, The sustainer motor did not 


operate, nor did missile follow ccannvurAn. Apparently, no a i r was re- 
leased to the motor and steering systems t o pressurize them. 


4 
* ''CUP K i l l is defined as damage 
nt the plane or its 


crew from completing a successful mission. 


Round 90 - Fired 10 Apr 52 - Type Target: @-17G 
SUCCESSFUL - NO COMPONENT MALFUmCPIONs. 
'Phis round, the third to be fired 
with a live warhead, produced a close burst which destroyed the drone 
essenti8J.I.y a t point and instant of burst-& 'XK" kill. Immediately after 
burst, the drone Fuselage broke in two af% the wing, and there were several 
fires. Later film showed the two main parts of the wreckage fa- 
earth- 


warb, engines breaking aw* 
Fran the spinning wing. 


Round 91 - Fired 24 Apr 52 - Type Target: CB-17G 
l3'8mESSFUL - MISSILE C 
e 
FAILlElE. 
Mlsslle beacon ceased operating 


a t about 28 seconds after launch. The reason for beacon failure w i l l 
prabably never be known because the warhead rounds did not carry telemeter- 
ing eqaripnent . 


R o d 92 - Fired 24 A p r 52 - Type Target: @-17G 
SWCCESSFWL - RO COMKJNENT MALFUNCTIOIQS. Round intercepted drone a t 30,000 
yards; 50 seconds flight time. Burst occumed Just under the right wing 
of drone and caused it to disintegrate a t once. 
Camera record6 showed 
raging fires ignited by burst; right wing and elevator mangled. The drone 
f a l l rapidly with engines and other large parts breaking loose during the 
descent. 


9 
: 
R O W 81, 84, and 85 were Model 1249, 
I Missiles (see first 


t h x e ro*cnda listed in Appendix ll). 


Sf:L'RCE: 
Project KUSB Progress Report, BTL, 1 June 1952 (ARGMA Tech 
~b - R-1.6772). 


ORDNANCE coMMIT!mE 


ITEM 32165 


READ FOR RECORD - 29 APR 48 


SYSTEM OF DESIGNATION AND ASSIGNMENT OF PORJLAR 
FOR GUIDED MISSILES 


Previous Action: None 


~Hayer/ebr/72241 


19 April 1948 


MEMJRANDUM FOR Secretary of the Ordnance Technical Committee 


-Subject: System of Designation and Assignment of Popular Names for 
Guided Missiles 


1. It is requested the following directive and assignment of 
designations for Ordnance Guided Missiles be recorded into the minutes 
of the Ordnance Technical Committee: 


DEPARTMENT OF THE ARMY 
General Staff United States Army 


Washington 25, D. C. 


CSGSP/F~ 334 Aero Bd 


(25 Feb 48) 


12 April 1948 


MEMORANDUM FOR: Chief Army Field Forces 
Chief of Ordnance 
Chief Signal Officer 
Chief of Engineers 
Quartemaster General 
Chief Chemical Corps 
Surgeon General 
Chief of Transportation 
Chief Army Security Agency 


SUBJECT: System of Designation and Assignment of Popular Names for 
Guided Missiles 


1. The attached system of designation and assignment of popular 


names for guided missiles, as proposed by the Aeronautical Board and 
adopted for use within the Depariments of the Navy and Air Forces, has 
been concurred in and adopted by the Department of the Army. 


2. This system will be employed in all inter and intra departmental 


guided missile designations by all agencies of the Deparbent of the hng.. 
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BY ORDER OF TIlE SECRElTARY OF TIIE ARMY: 


1 Incl 


GM System of Designation 
and Assignment of Popular 
Names 


Copies furnished: 
Joint Chiefs of Staff 
Research and Development Board 
Air Coordinating Committee 
Chief of Naval Operations 
Chief of Staff, U.S. Air Force 
The Aeronautical Board 
Washington Deputy Devel Sec, AFF 


/s/ A. C. McAuliffe 
/t/ A. e. M 
~ 
A 
U 
L 
~ 


Major General GSC 
Deputy Director for Research 
and Development 
Logistics Division 


GUIDED MISSIrnS 


SYSTEM OF DESIGNATION AND ASSIGNMENT OF FOPULAR NAMES 


1. The fallawing system of designating guided missiles, approved by the 
Aeronautical Board on 25 February 1948 is pramulgated for Joint Army, 
Navy and Air Force use. 


a. 
Basic Designation 


The basic designation shall be a two-letter cclnnbination of the 
three letters A(Air), S(Surface), ~(~nderwater) 
in which the 
first letter designates the origin of the missile and the second 
letter designates the objective. This combination of two 
letters shall be followed by the letter "M' indicating "missile". 
Examples : 


AAM - Air-to-Air Missile 
ASM - Air-to-Surface Missile 
AUM - Air-to-Underwater Missile 
SAM - Surface-to-Air Missile 
SSM - Surface-to-Surface Missile 
SUM - Surface-to-Underwater Missile 
UAM - Underwater-to-Air Missile 
USM - Underwater-to-Surface Missile 


b. 
Service Letter, Model Nuniber and Modification Letter 


Each basic designation shall be followed by a servlce letter, "A" 
A i r Force, "GI' Army, "m" Navy and a model rider which, in turn, 
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shall be followed by a modification letter, for enslllple, in 
the Air Force: 


SSM-A-3b is Surface-to-Surface Missile, Air Force, Third 
Model, Second Modification, 


NOTE: After approval for joint use, the Service letter shall be 
dropped and the designation preceded by ANG. 


c. Prefix Letters 


To designate the status of developnt of a missile, the follow- 
ing prefix letters shall be used: 


X - Experimental 
Y - Service Test 
Z - Obsolete 


When conventional aircraft are employed as missiles, the standard or 
basic aircraft designation shall be prefixed by the letter "Id' to 
indicate "missile aircraft 
.I1 


When conventional aircraft are modified to serve as controlling or 
directing aircraft for guided missiles or missile-aircraft, the 
standard or basic aircraft designation shall be prefixed by the letter 
"D" to indicate "Director-aircraft 
.I1 


When a guided miasile is used as a test vehicle, it shall be desig- 
nated by "TV", followed by service letter, model, and modification 
letter with the follaring prefix letters Indicating the type of 
testing: 


C - Control 
P - Propulsion 
L - hunching 
R - Research (includes high altitude sounding 'rockets) 


For example: CTV-A-la is Control Test Vehicle, A i r Force, 
First W e l , First Wification. 


Popular Names 


a, A popular name may be assigned to a guided missile when the 
missile enters the development phase. Before the popular name 
is assigned, the proposed name shall be cleared with the 
Aeronautical Board, 


In accordance with the foregoing directive, guided missiles projects 
of the Rocket Branch, Ordnance Research and Development Division, with 
their popular names, have been assigned the following designations: 


Popular Names 


WAC Corporal 


Corporal I T 


Hemes I1 


Hermes A-1 


Bumper 


Heme8 B-1 


Nike 


Hemes A-3 


Hemes B-2 
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Designation 


Guided Missile, RTV-G-1 


Guided Missile, RTV-G-2 


Guided Missile, RTV-G-3 


Guided Missile, CTV-G-5 


Guided Missile, RTV-G-4 


Guided Missile RTV-G-6 


Guided Missile, XSAM-G-7 


Guided Missile, XSSM-G-8 


Guided Missile, XSSM-G-9 


/s/ H. m. T O ~ Y 
/t/ H. IT. TOFTOY 


Col, Ord Dept 
Chief, Rocket Branch 


Action by: Ordnance Research and Development Division 
Field Service Division 
Industrial Division 
Personnel and Training Division 


READ FDR RECORD BEFORE ORDNANCE COMMITmEE 


29 APR 48 


/a/ A. W. HAMILTON 
Lt Col, Ord Dept 
Secretary 


APPENDIX 9 


ORDNANCE COMMITTEE 


ITEM 33964 
READ FOR RECORD 


25 OCT 1951 


DEPARTMENT OF THE ARMY 
Office of the Chief of Ordnance 


~Ha~er/MEIawkins/sk/72241 


READ FOR RECORD 


' 21 March 1951 


Revised 25 Sep 51 


MEMORANDUM FOR: Secretary, Ordnance Technical Committee 


SUBJECT: LIST OF ORDmANCE CORPS GUIDED MISSILE PROJECTS WITH TYPE 
DESIGNATION AND P0RlU.R NAMES 
, 


1. REFERENCES: 


a. OCM 32165 dated 29 April lgm, "System of Designation and Assign- 
ment of popular Names to Guided Missiles". 


b. Minutes of the Aircraft Committee, Witions Boa,+, 
14 April 1949, 


"Policy for the Assignment of Popular Names to Guided Missiles", 


c . Minutes of the 33rd Meeting of the Committee on Guided Miasilee, 


7-8 June 1951. 


d. Minutes of the Executive Subcommittee Committee on Guidsd 
Missiles, RDB, 12 July 1951. 


2. DISCUSSION: 


a. Reference la recorded a system established by the Aeronautical 


Board and approved by the Department of the Army for type designetisn 
assignment of popular names to guided missiles, 


t. Responsibility for the assignment of type designations and p~pulc 


names was subsequently transferred from the Aeronautical Board 
the A i r - 


Waft Committee, Munitions Board. In reference lb, the Aircraft Cam3!ittLte 
established a policy for the assignment of popular names to guided missiles 
which stated that aames in general should conform to the following: 


Air-to-Air Missiles - Winged Creatures (except birds of prey or 
game birds) 


Air-to-Surface Missiles - Birds of prey 


Surface-to-Air Missiles - mological Terms 
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*Surface-to-Surface Missiles - Astronomical Terms or Bodies 


Targets - Game Birds or Hunting Tenns 


c. As indicated in reference lc, the responsibility for the assign- 
ment of type designations and popular names for guided missiles watr 
transferred to the Comaittee on Guided Missiles, RDB. At its 33rd 
meeting the Committee on Guided Missiles, RDB established the following 
policy for the assignment of popular names to guided missiles and target 
drones : 


"1. Missiles, target drones and mador test vehicles may be given 
any appropriate popular name, or type of name, not in conflict with those 
used for existing vehicles, including vehicles other than guided missiles 
and target drones. Minor test vehicles should not be popularly named 
because of their transient nature. 


"1.1 Specifically, this shall include avoiding names, or types 
of names, in which aircraft companies are generally considered to have 
prior rights by usage and custom. 


"2. Request for approval of popular names shall be forwarded to 
the Comaittee on Guided Missiles. The Secretariat of the Committee on 
Guided Missiles is charged with the responsibility of determining con- 
flicting names as defined in paragraph 1 above and for issuing approval 
of the popular designation. 


"3. This policy is effective 1 July 1951 and is not retro- 
active." 


d. 
In the past the assignment of popular names to guided missiles 


has been generally in accordance with policy established by the Munitions 
Board Aircraft Cammittee (ref lb). 
In the Future whatever names are 
deemed appropriate will be assigned by the Department of the Army* 


e. At a meeting held 12 July 1951 (ref ld) The Executive Sub- 
committee, Committee on Guided Missiles, RDB concluded "that no 
requirement exists for interdepartmental standardization of type 
designations for guided missiles, test vehicles and target drones and 
that accordingly such type designations will be applied by the cognizant 
departments and forwarded to the Committee on Guided Missiles for 
information, " 


3. 
The following is the Department of the Army system for the assignment 
of type designations to guided missiles: 


a. 
Tactical Weapons 


*Wherever a name occurs in both astronq and qythology, the 
astronamical application will be used. 
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The type designation shall consist of symbols indicating status, 
tactical f'unctions, developing agency, and design number as follows: 


(1) The letter "I?' shall be used for a missile in the experi- 
mental or development stage. After a missile has undergone successful 
service tests and has become a production item, the "X' shall be dropped 
and no other syrabol used in its place. 


(2) Two letters shall be used to indicate tactical functions: 


(3) The letter "If shall be used to indicate a guided missile. 


(4) The letter "An shall be used to indicate Arqy as the 
developing agency. A dash shall be inserted between the symbols 
representing guided missile and the developing agency. 


(5) A digit or digits shall be used to indicate the design 


number. A dash shall be inserted between the symbols representing the 
developing agency and the design nunber. 


b. 
Research and Training Vehicles 


The type designation for Research and Training vehizles shsPl 


consist of symbols indicating type of vehicle, developing agenzy, design 
numker as follows: 


(1) Two letters shall be used to indicate the type: 


RV Research and test vehicle 
TV Training vehicle 


(2) The balance of the type designation will be assigned ae 


stated in paragraph 3a(3) (4) and (5) above. 


4, The type designations and popular names of guided missiles (both 
active and camplete) under cognizance of the Rocket Branch, Research and 
Development Division, Ordnance Corps, Department of the Army are as 
follows : 


Project TUI-2 (516-05-005) 


CORPORAL 


CORPORAL 
Formerly designa+ved RV-A-2 


(516-15-001), @oqxxal E, 


WAC CORPORAL 
Cmpleted 
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FN-A-4 - 
XSSM-A-9 
XSSM-A-16 
FN-A-8 
XSSM-A-13 
RV-A- 5 


Project TU1-2000 (516-05-001) 


HERMES - 
BUMPER 
Completed 
. 


HERMES B2 
Completed 


HERMES 
Formerly BERMES A-3B 


HERMES A3A 
Test missile for HERMES 


HERMES A2 
BERMES Al 
Test missile for IfE3RMES A2 
(formerly designated 
XSSM-A-15 ) 
Test missile for HERMES A2 
formerly k n m as SERGEANT 


Project TUl-2020 (51-05-002) 


LACROSSE 


- 


Ten-202OA 
XSSM-A-12 
LACROSSE 


Project TU1-2030 (5l6-05-004) 


TU1-2030 
XSSM-A-14 
Formerly HERMES C 1 


Project TU1-3000 (516-04-001) 


NIKE - 
- 


TcSP-3COOA 
XSAM-A-7 
KtKF8I 


Project TUl-3010 (516-04-002) 


HAWK - 
- 


TU1-3010 
XSAM-A-18 
HAWK 


Project TU1-3020 (516-04-003) 


FXL-3020 
XSAM-A-19 
a i - M i s s i l e Missile 


Formerly HERMES I1 
Formerly HERMES B 1 


5. 
The Navy TERRIER Missile being procured by Ordnance for training and 
tactical use is designated by Department of the Navy nomenclature XSAM- 
N-7, (516-04-005) 
(TUl-3040). 


6. ~t is requested th 


-- - - -- -- 
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at this information be record 
of the Ordnance Technical Committee. 
r ,.. 


.ed in the minut 


/a/ H. N. of toy 
/t/ H. N. TOmy 


Col, Ord Corpa 


t '. 


Action by: Rocket Br . 
READ FOR RECORD-BEFORE ORDNANCE COMMITTEE 


Ord Re8 & Dev Div 
25 om 1951 


/a/ Joseph F. Peters, Jr. 
Distribution: General 
Major, Ord Corps 
Acting Secretary 


APPENDIX 10 


ORDNANCE COMMITTEE 


ITEN 35904 
READ FOR RECORD - 28 JUL 55 


DEPARTMENT OF THE ARMr 


Office of the Chief of Ordnance 


READ FOR RECORD 


Reference : OCM 33964 


MEMORANDUM FOR: 
Secretary, Ordnance Technical Committee 


SUBJECT: Establishment of Policy for Identification of Guided Missile 
Systems 


1. The purpose of this read for record is to rescind the system of 
designation for guided missiles established by OCM 33964 and to record 
the new policy for identifying guided missile systems. 


2. The policy of identifying a guided missile system as XSSM-A-17 


or XSAM-A-7 has been discontinued. In the future, guided missile syst.e= 
will be identified by their code name, i.e. LACROSSE, DART, NjXE B, etc. 
Individual items of equipment used within a system are assikied nomen- 
clature in accordance with procedures established by the Federal 
@adkloging program. 


3. Also, the policy of identifying a guided missile system as 
surfaee-to-air or surface-to-surface has been discontinued in favor of a 
system which more clearly indicates the function of the guided missile 
system. This new method of identification is reflected in the follaxing 
list. 


PROJECT NUMBER 
CODE NAME 
PROJECT TITLE 


DOA 51.6-05-005 
@OR WRAL 
Field Artillery Guided Missile System 


Wl-1 


DOA 516-05-002 
LACROSSE 
Field Artillery Guided Missile Syeteic 


TU1-2020 


516-05-004 
REDSTONE 
Field Artillery Guided Missile System 


TU1-2030 


516-05-006 
DART 
Antitank Guided Missile System 


m-2050 


516-05-009 
SERGEANT 
Field Artillery Guided Missile System 


TU~-2080 


51.6-04-001 
NIKE I 
Antiaircraft Guided Missile System 


TU1-3000 
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SUBJECT: Establishment of Policy for Identification of Guided 
Systems 


PROJECT lWMBER 
CODE NAME 
PROJECT TITLE 


516-04-002 
PLAT0 
Antiaircraft Guided Missile 


TUl-3020 


516-04-006 
HAWK I 
Antiaircraft Guided Missile 


TUl-3050 


516-04a8 
N M E B 
Antiaircraft Guided Missile 


TUl- 3070 


516-04-007 
N M E I1 
Antiaircraft Guided Missile 


TKL-3060 


Missile 


System 


System 


System 


System 


4. This seewity classification of this memorandum is UNCLASSIFIED. 


5. 
It is requested that this information be recorded in the 
minutes of the O P m e e Technical Committee. 


Edward ?laser 


for 
CHARLES W. EIFLf3R 
Cs13 Ord Corps 


Action by: Rocket Br, Ord Res & Dev Dfv 
Info copies to: ORDIM, ORDID-E, ORDFA, QRDp&, 


ORDFT, ORDFM, QRDFI, ORDHO, CONARC 


READ FOR REWFtD B m R E OFtDISANCE COMMITTEE 
28 JUL 55 


/s/ LESLIE L. Mom 


~t eel, ord corps 
Acting Secretary 


N X E AJAX (TSME I) R&D TESTS 
February 1952 - September 195'7 


I 


Mfssile Identification 


Model 1249 - Prototype missiles hand-built on temporary tooling. 


Model 1249 - Codbination production and hand-=& 
mlssiles-built on 


production t o o w but seeembled on model shop basis. 


I 


Model 1249~ - Production miaailes-numbered 
con~ecutively be-ing 


with s/N 1249~-1001. 


Source of Inforplation 


Title and M 
e 
of Re:~r>* 


Project nm(E Frogeuss Repo"~:,' 1 Sep ?2 
Project IiXECE Progem Re=%, 
1 h.: 52 
Pro ject MgKE FYogress Repod, 1 
53 
Project KtKE Progress Report, 1 3.m 53 
Project 
Progress Report, 1 Sep 53 


NIKE I Progress Report, 1 Jan 54 
lPncE I Pmgrenss Report, 1 Apr 54 
RIKE I P r o p 8 6 Report, 1 Sul 54 
NIKE I Progress Report, 1 Oct 54 
'Ern& I Progrees Report, 1 Jan 55 
RIICE I P r o p e ~ s 
Report, 1 Apr 55 


rJIRE I Progress Report, 1 Jd. 55 
afgE I Progress Report;, 1 kt 55 
~JI~CE I progress ~ e p o ~ % , 
1 an 56 


NIKE I Progress Report, 1 Apr 56 
IPIKE I m g r e s s ~epmt, 1 
56 


NIXE I Progress Report, 1 Oet 56 
NlXE B Progress Reporb, 1 Nov 56 
KKE AJAX Progreas Report, 1 Jan 5'7 


AJAX l$ogress Report, 1 Agm 57 


HlXZ AJAX Progress Report, 1 Joll 5'7 
FAU3 AJAX Prsg~ees Report, 1 Oct 57 


* A l l reporta published by BTL; a l l filed in ARGMA Technical Lib- 
oz 


Igloo Annex. 


Tound no. 
Mimsilb lb. 
Test obJectivms 
Remuks 
rate nld 
U l 
TO obt.in data on fh. wid- 
huncher 6 booster perfor=ancb utisfactory; duration of w t o r h l P g n s about 3 sacs 


1249-100 
esolina porv plant systa. 
short; thrrut hi@r than n o d . Peak altitude n s .bout ll,000 it lover tb.n expected. 
25 h b Y 
I*u to an inopentire lW3 Amin8 Ychnism, the missile ru not detonated d 
contirmed 
. 
. 
to *ct 
u a unit. 


84 
Sam M Round M. 
kuncher, booster 6 povar plant p r f o r u d satisfactorily. 
hvation of missile bumin6 vu 


1249-101 
about 0.8 sets abort. 
htonation of the rimsib by a circuit cmuisting of a ~ i - t i n q ~ 


$ 5 - 5 2 
Tlmr, an h e r t 
Amin8 MchaPin, d 
an Y 1 fuze ocaw~ed -3. close to the 
- - - - 
axpcctsd t h . 


85 
8u. as R 
d 
Ul. 
Raund f i n d vlthcut incident. 
Missile wtor iguition ru a b i t later then tuurl, but 


1249-98 
povar plant pcrfoMd exceuntly. 
Suation of mtor h i n g ru aboutO.8 secs abort. 


14 & 52 
Detonation ocnvred about 5 secn later tb.n enmcted. 


93 
To test opration md 
E u l y portion of the flight vu utisfactoq; alssile follomd tho pmdicted t~a.lactory 


124-102 
st.bility of corplete b d e l 
vmr). accurataly until 3b secs, a t vaich ti.. the missile ru a t an altitude of 55,000 ft. 


2 my p 
1249 control q8-. 
In msponse to c-, 
the missih aehisvd a l u g e angle of attack, beean to tumble, 
d 
m n t h d until fail-&* 
nu ordemd a t .bout 15,000 ft. 
noiu vaieh ru 


pmunt, probably w a n t e d the nituation by causins spurious fin mtion. 


94 
Sam u Round 93. 
kunch, boost6 upmfion w m ntiafactory; n r l y portion of th. flight ru n o d . 


1249-103 
~ r ~ s c t o - 
at- 
.udmn altitude of about 60,000 ft, with 'rid tail" c 
d 
. 
be- 


ing intmduced mu the pmk altitude to pmride a study of roll system b.hrior a t hi@ 
altitudes. 
Missile did not ms@ 
to c 
and beem to 'amble a t 35.5 seas. 
-con 


sirmrl hd failnd col~lbtelr by 39 secs. Missile destruction ocnvred by fail-.ria 
d & ~ t i o n a t .bout 45 seem-. - -- 


Sam as Roud 93. 
launch, boost 6 sepurtion n m utisfactory; missile nsp0mi.d nor8dJ.y to a l l c 
w 
s 


249-104 
until .bout bb sees. 
Missih successfully passed through the u r i e s of "fish tail" 
28 
52 
-s, 
vbem the pmrious t w r d s tumbled. 
A positivm 51 c- 
in both phnes 
ru airen a t $3 sees, a t whicb t ~ n a 
the missile wnt out of control and tumbld. 
Baacon 


m 
i 
d 
failed a t 73 ncs. 
hil-nfa 
detonation 80 secs. 


% 
Sam u Round 93. 
~ound %-the 
first in a aerien of four rounds to use the lightweight 3-fin t ~ c t i c a l 


1249-105 
booster-ru 
a n p l e t a failum due to the loss of beacon signal -diately 
after lift- 
ii iun % 
off with mnrltant hil-safe d e t o ~ t i o n of the missile shortly them-. 
Booster 


b 
w 
apmued to hare baen spondic. 
Records showed missile explosion a t 5.6 sees, 


roba ably fail-safe detonation. 


97 
6uc u Round 93. 
hunch, boost 6 separation were n o d , missilb mspandbd properly to all carand. until 


1249-106 
about 67.5 sws, a t vbich ti.. missih may hare tumbled. 
peak dtituda of 77,500 f t ru 


l8 Jun 52 
reached a t about 57 sees (about 15,000 f t higher than e~pccted). All obJectires of the 
-- 
- 
fligbt w m achieved. 
9 
Sam as Round 93. 
R 
d 
98 ru a duplication of the failure in Round 96. Both of these failureanre 


1249-107 
b e l i d to be the msult of ssvem boostar i a t i o n .hocks, apparently unique to the 


L25 iun 52 
n w booster. 
99 
Sam u R 
d 
93. 
The use of the 2.509-59,000 
X 216A2 Booater n s temporarily suspended in faror of the 


1249-108 
.om mliable but lover perfornance 3DS-47,000 Booster. 
All phases of R 
d 
99 n r e 


22 Jul 52 
ntiafactoq until 37.5 secs, %%en c- 
noiu becam evident d 
etoppca all c-s 


sent to the missile. noise continued trm 37.5 to 76 sacs, the ti.. both beacon si& 
d tehm faibd. ?ire of missib destruction i s not hovn. ~t litboff, the 428 
volt steerins ponr shortad out r u n f u i l y , enusins the stabrins fins and ailerons to 
go hard oTer-for about 4 sec. 


100 
Ssu as Round 93. 
A .hock absorber for use betwen the missile md the booster n s d e v e l ~ 
for testing 


with the nw light-ight 
-tical 
booster. 
Tbe use of this .hock absorber ru to reduce 
the boostar .ho& by .bout one hall. Launch L boost phase was n o d except for priods 
of no risible flmo during booster bunins. 
This did not s e a to affect the duration of 


boost. 
Initial tum-wer c- 
a t 5 secs, d 
roll position was ,pod. 
Missile =tor 


chamber pmssure ru lw, d 
mtor h i n g ru about 1 sec abort. 
Missile flight ru 


teminated a t 23.8 u c s due to an unknovn cause. ~ i s s i l b 
destruction may hare msulted 


fma a pwr lant erplosion or a pr-ture 
fail-safe detonation. 


101 
Test .gainst a (pnurd -get 
n r s t or r a u P d s 101, L02, 105, 107 urnins the f i r s t xnm 1 production mianilen. 
1 124m-1001 
located .bout l8 miles n o N 
?be launche~' used ru'set up M a c& 
tactical wtdl.8tiCm. 
SUCCe#sful-y.ing 


: 2 2 J u l 5 2 
o f r d a r . 
35 ft fxxm the tuget. Burst e 
d 
n s truumitted a t $7.77 sees, no token burst 
1 


I 
- 
observed. 
102 
8..s as Round 101. 
System operation genenlly satisfactory. 
Missile passed 39 f t fmm the target. 


t 124%-1002 
=cation 
of token burst a t 4.235 ncs. 


! 29 j u l 52 
I 
1 103 
obtain aeroiymuic iniolvrtion 
p i t a and yav accelerations began a t lift-off and continued during the fligbt cauaisq 


1249-109 
br mans of fin deflection 
the missile to 
a nor-sterly 
rather than the theomticrl norther* heding. A 
I 


I 31 i"l 
52 


i;lplt. to the missile. 
disturbance u s a l w noted in the roll aye- 
a t a p p r o d ~ t e l y 3.5 sees. 
The missile's 


roll in -ition 
to i t s mtion in the d i n e d p- 
probably caused it to -10 
a t 
1 


I 
about 20 necn. 


104 
?irstaodel 1249 misnile to 
Thc t u g a t n s a 98-170 drone .ircrrit. The flight ru generally eetisfactor~ until 


1249-112 
be fired a t a t u g e t air&. 
42.2 n c s when a short ocnvred in the 4200 rolt staeriry powr supply. 
Just prior to 


tmnoission of c- 
burst it appan?d that the destructor system prisacord ring 


detonated, bra&- 
the missile. 
The fact that the pieces of the missile passed within 


200 ft of the ~TOUO Micated that the aystem ru iunctianlmg no* 
up to the time of 


I 
Isliunction. 
I 


n o t .gainst a non-lao.uvar- 
hunch, boost 6 separation vem n o d . Period of roll indicated a t 6.2 sees to 13 sacs. i 


12498-1003 
ing 98-170 tuget. 
Baacon failed a t 20.9 sees d 
aontact with missile lost a t 24.3 sacs. Exadnation of 
8 AUE 52 
vre&age m ~ e r l e d the prireord detonated. 
Ck~puter, r d a r d 
drone target tuncti011.d 
1 
- . 
satisfactorily. 


1% 
Sam u Round 104. 
Once .gain the flight urn utisfactoq until the em3 
vben exce~sively lnrge rate 


1249-ll3 


l249B-1004 
the dnme target airerait. Baacon signal ru no&, 


15 Au6 52 
with the rdar m i n i n g in nutartia track until fail-safe was ordemd a t l8.8 sacs. 
Missile wtor operation arrpsared n o d for as long as recorda are available. 


hte ?Ired 
... 
$. 


08 
W u Round 104. 
I ~ ~ U c h + b w t ' . a .CtisSactory, but the flight vas marred by sporadic beacon opera- 


249-115 
tion. 
A merie8 of baacon dropout# during the flight caused the ccpputer to inmert large 


19 AUS 52 
mpurioue c a a n b m . 
'Em mismile control q 
m 
t 
a 
appeared in general to be responding 


utinfactozib vhen amin a 200 volt a c t i o n occurred. 
hleizetm &mw3 out. d 
a 
- 
-- 
, - - 
premature deeonation of the fail--la 
sy8t.u occurred a t 45.25 sees. 


LO9 
Snma as Round 103. 
The tallp.tr~ recordm for this r 
d 
f a l l to shov my operation of the roll rate gyro 


iz49-UO 
rCt.r au Initial jrvp a t lift-off. 
A t about 36 mecm the rimmile rolled to a pomition of 


Ll Aus 52 
40 degreem, vlth no attsrpt on tb put of the aibronm a t correction. 
Jumt after 


initiation of the I k 8 t aand, m unexpklned p v acceleration tranmient occurred, 
vlthout fin m e u n t . A t about 10.5 mecm a dimturbance occurred in mteering ad roll. 
mmturbu~cem f- 
the sam p t t e r n continued to recur throughout the flight. 
A 
MUI pitch-UP caanb n 
m 
tnnmnitted a t 39.6 mecm in an attempt to avoid m c t . vhich 
- 
. 


VM 
~ v e r t h e l e 8 ~ ~ 
M 
C 
t 
OQClUred a t about 43.8 8eCs. - 


UO 
To tamt th. operation d 
launch, bmmt 6 sapration appeared n o d . Tne pi#, 
p v 6 SOC record8 shov a tvo- 


~249-ll4 
mtabili- 
of the oontrol 
m 
e 
omailltim. 
The rate8 
mh- 
excemmive remponeem during the end-game. 
u ~ . p 
52 
q m t a u a vhole by &dhg 
The 200 rolt abort notA on previous rounds did not occur on thi8 round. 
the r i m m i l e torarb a me1eatA 
point in mmce. 
Bu u Roucd 104. 
launch, boost, sepurtion, 6 dmmile remponee v 
e 
~ 
n o d until jumt prior to 28.4 mecm. 


Wpm n c m r y of the rimmile the comlition of the rimmlle put. indicated a structurd 


L6 BOP 52 
failure. It ru detexaind th.t a 200 volt a r t curmed a hub over fin condition 
remulting in an l8g acceleration. Ihe roll memo behavior n 
m 
ant am expected for much 
a c u e la tht it 8- 
to be at-ting 
to correct for a large external mnent rather 


thrn recovering fra a 200 volt ohm. 


9.p. a8 R 
d 
UO. 
The flight n 
m 
t e m t c d a t 5.65 mecm by m unexplained detonation of the missile 


EQ-116 
demtmotor q m t a . hunch, boomt h mepuntion appsued n o d , u did motor burning 


24 BOD 52 
prim to the tlna of detonation. 
h c o n m 
i 
d 
rsturn w aool until detonation. and 
- 
- - 
-iftar detonation the si& 
mcoverad. so that the beacon &is tracked to impact.- 


u 3 
n r 8 t 1106.1 
l249A fl~ing. 
In th. Lnt.nmt of m imamtigation into the cause for uncxplahed p m t u r e detonations 


l249A-IZJ 
Lmnchd b guided a t a o91- 
of the r i m m l h deatnretor q m t a , am3 to innue .glinst dupliution of the Round L12 


25 ~ e p 
52 
-vering 
QB-170 bronc 
dfunction, the prlmacord norm4 detolvted by the fail-ufe mysten mm connected mo 


target. 
u to be erploded by the aand burnt m i & 
a t intercept. 
A large fraction of a 


mecod before burmt ru ordered by the caputer, a p m t u ~ ~ 
detonation exploded the 


rimmile. 
The reconrrd mrt8 of tb. ris8ilm mbovcd c h u b that a nrlmacord detonation 
- 
.-- 
G cut th. rismil. in b;li. 


U4 
Sam u Round UO. 
Tne control system netuurk VM Uetuork I M i f l e d mlightly M, u to provide tighter 


UQA-U.8 
tohmacem on the mteering wmta NU g)?o input Mtuork md mainbin ~timfactory 


p m % 
s p t a damping. 
Ihe rimmile demtmctor mymtcm mm reverted to th.t of the 49OA trpe of 


r i m m l h umins Y-36 detonatorm am3 nan-plutic pri.acord. Ih. beacon failed a t lift-off. 
d 
th. rismila radv ru wmble to G c k the kssile. 
The fail-safe did not operate. 


h 5 
h u Round L10. 
Rmmd U 5 appa+to have been a ccrpletely successful round. 
Tne missile responded 


l249A-122 
propnrb to all c a a n b m . 
. . . 
2 0ct 52 
U6 
Bu am R& 
ll0. 
launch, booat, 6 s q u a t i o n appued n o d . 'Be beacon failed 43.11 mecs initiating 


UQA-121 
fail-nfe 
detonation, vbicb o 
c 
d 
a t 50.5 me8. 
M o u s -8 
using the s 
a 
con- 


3 Oat 52 
trol q 
m 
t 
a 
netwrk d 
~b3eot.d to theme m . u c u a , failed to w i v e the end pus 


actiri-, 
ubereu thim rouPb, althargh mtrougly exhibiting the mteering symtcm lack of 
wing, nvrived due to the placement of the c.g. -138.8. 


117 
9.p. a* ~d 
U. 
A. in ~ 
o 
d 
li6, th. a r l y portion of the flight ru n o d vith the exception of a 


1249A425 
rolt.0. 
failure a t llft-off. 
W m r t o n t L , progmmmr cmtrol vam not stutad, md the 
3 oat 52 
r i m m l h flaw u l e r crrputer aontrol only. Bahavior of thim rimsile mm cmidered a 
Nb8t.ntiation of th. m 
e 
d 
p s r f o m c e obtained vlth the C-1 netwrk, approaching tha 


demlred atability oootrol ehrrrcterimticm. 
me k m t migml n s received by the rimsile 


a t 36.6 ncs. d 
fall-uie rimmile destruction occurred a t 42.6 mecm. 


Iltl 
9.u u Round UO. 
Apparedto hva bean a muccemmful round. 
With the exception of a vloentary ponr supply 


l2QA-123 
N l u r e a t lift-off, the beacon m i g c u l n 
m 
molid throughout the flight. The rissile 


7 0ct 52 
rem- 
well to all a m m , vlth very good acceleration tranmient &amins ad no 
. 
- 
- - 
- - 
lug. UlEle. of attnck rernltiig during the flight. 


h 9 
8 . ~ . 
am R O U D ~ UO. 
~ h . 
ri8mile took a northeutar~y tiending approrintely a t aepuation ud continued on 


l249~-lZ6 
tht courw until rimmile demtrnction w ordered by ~ovjng around control for muonm 


7 Oat L 
of r&ugm ul.v. I).- 
tnnmnimmion N l e d a t OM mecond, after being quite noisy up 
to tht tlna. Th. b a c m m 
w 
ru remtored a t threu mecdm vlth tw minor outagem to 


flva 8ec8. rttu d-dch it amu8nt.l~ m r a t e d auite an& 
until 25 mecm. vben the 
rdu n i s h u t off to init& 
h i i s a i e nissiie deatmcti&. 
h 
8.D. am Round UO. 
The n 
d 
t 
m 
of -18 
r o d substautiatedthm Lrprwed missile performance resulting from 


Uk9A-l2'l 
ntllizntion of the C-1 cmtrol q m t a mtwrk. Bteering acceleration trmmients w r e 


9 Oct % 
very n a r L critiC.IlSI &npad throughout the fligbt. 
The only p v rate g)lo bottcriry( 


oocurred a t 41 mecm, am3 no pitch rate hot- w recorded. 
The c- 
burnt order 
w msnt a t 41.4 mecm, am3 m(lR zhotomzhm verify detonation of the mpottins chum a t 
- 
- 
- 
thet t i ~ . 
x m i l e d&.mction YM 5 i . i ~ ~ c 0 . - 


121 
Bw u Round ll0. 
hor the recordm a ~ . i h b l s , Round 121 remlts appeared to duplicate those of Round 120. 


1249~428 
Ih. mpottins chune b l u t apparently caused mmre disturbmeem in the rimsile. md the 


10 oct 52 
uw o? a 1e;ser &mge n 
m 
Yonsiaeied. 


I22 
Same am Round 121 vltb 
Ihe pvrpoae of the aLnt launch n 
m 
to determine vbether the C-1 netvork vuuld provide 


124%-129 
riamile in a m 
b 
t 
bunched 
edeaatta mtability -sin 
vlth rearmme to rimmile structure bending a t high shanation 


10 oat 52 
pomition. 
pninusm. Ih. &con& 
objectiG of the roupd w to provide i n i & ~ t i & on the use 01 


.vlpbuu" spotting k g c m to better enable the tar@ radar to record the burnt on film. 
Th. mirrJ obJective w achieved. 
m e mecondarJ objective of the tent n 
m 
not achieved 


am &I 
u n d e d #potting chvgs burst occumd butside the target radar beam. 


123 
B w u R o u n b 
d 
W9A-130 
fjn nranue. am3 mtmcfurrl i.ikrrs of the rimmile foLluued shortb thereafter. 
Wmmila 


17 bct %? 
illat h.d b;m no& 
up to tbo tlna of nlfunction. Tne demired high dyn%aic 
premmwer 


v a n not ebtained prior to the -4 
texnbation of the flight. 


Test ObJectiTes 
- P 
R-ks 


ht. Tired 


-141 
9.u u Round 146. 
Although the mtsslle did p.s dmut 302 f t belw and to the right of the drone, noise on 


124%-153 
the e 
m 
channels oblibrated the and-- 
a-s 
and prevented spotting chugs 


4 Dee 52 
detonation. 
The booster fin. nore lost after separrtion, rendering the booster unstable. 


14.9 
9.u u Rouud lbb. 
The hydraulic eyetam vas . p p u e n t l ~ inoperative. 
Ihe d s s i l e did not roll stabilize and 


I2b%-l5b 
the flns bid not respond to the nceived turn-over c-8. 
hll-safe occurred a t 


b Dec 52 
about 89 aecs a t m altitude of 1 2 4 . 0 ft )BL. 


149 
ma as Round 146. 
The r o l l arount gyro failed t o U11Cage a t lift-off. 
The flight n s termlust& for range 


12m-1043 
safety purpases by fail-safe d e t o ~ t i c m a t about 21 secs. 


b Dee 52 
150 
Rwna flred a t a nun- 
Missile perfornance nr excellent Uuougb intercept. Cmunds were h 
e 
of noiee, and 


l24W-1% 
-uvering 
W-80 drOlU 
the alsslle rollwad cclplt.r orders closely. Burst occurred 173 f t behind .nd slightly 
- - 
I on;; w 
kmmt. 
mbaw th. &OM. 
The flifbt nr brminatad~ by m u n c m e d fail-safe detonation 
I 
, --- - 
ocaurring 0.4 mecs after b e e m t a n g charge ketonation. 


' 151 
~ e s t 
~ t n r c t ~ d 
baaing a t 
m e i r d v e r a t lnclumion of .n laproper remistor in th. shaping netrork resulted in r o l l 


124%-151 
high s w t i o n pressures. 
instability. 
1Zh. alssila erglerienced large oscilktory mtions after the turn-over 
ll Dnc Z 
COI.P~ 
m s wt1at.d. 
m e motor .hut d m a t about 7 secs, md missile iailed 


structwalkf a t about 7.8 secs. 


-152 
R& 
uu a W inter- 
Due t o failure of the n e ~ & ~ t i o c 
dlaphr.ca a t the fuel tank outlet, the motor did not 
' 


ub9A-155 
ference &oak. 
operat.. 
T h a e f m , the alssile neither entared the target radar bean nor reached the 
11 ma 52 
htended apace point. 


153 
8.1* as Round 152. 
Both guidance control and missile response were good to the point of intercept. 
The 


1249~-158 
t.18utend alssile e 
m 
s 
wen noise free. The control mystem portion of the teat 
16 Dec 52 
beup. very noisy and vas not c w l e t e d . 


lsh 
m s t comtrol fin deflection 
A l l obJactives for tho round were achieved, dcmonetratins the feasibility of cmputer- 
-. 
1249~-152 
i d . . 
p r o e r t y p n i g h t s for use in ~ a r & c 
s t e p - ~ l n ~ounda. he rsdk vas &ed 
o i i 


17 Dec 52 
a t 92.2 sees t o initiate fail-safe betaation, which occurred about 6.5 eecs later. 


' 155 
~ m . t structural barding a t 
Ih. r o l l rat. gyro motor m# appuently not energized during this flight, and the n o d 


1249A-ln 
high s w t i - PressureS. 
s e m damping effect furni.hed by th. gyro w not present. 
Consequently, divergent 
17 D.C 9 
oscil.l~tionm occurred ln both steering and roll, resulting in cmplete loss of control 
follwed by d e s i l e structural failure a t about 9 sees. 
No fail-safe detonation occurred. 
1 
lbt .gaiMt a non-muewer- 
SJrta operation 
utisfactory vlth the exception of Lrge amplitude 5.5 cps 


12&A-l60 
ins-17 drolu a t nmar 
steering and r o l l oscillrtions during t u r n - m r and of a r e n r e roll disturbance betveen 


19D.a 51 
v d r n M d a r n w e . 
55 h 58 necs. 
m s t occurre3 58 ft &st 
directly b l w the dmne's riet ving tip. 


he f l i g h t v u terminatad by no& 
fail-eais detonation about 83.9 sec.. 
' 
157 
9.u u Round 1%. 
m e t o failure of the R.nee Safety plotting board, the Range Safety Officer terninated 


l249A-159 
the flight about 34 secr by fail-safe dstaation. 
19 ikc 52 
1 
Test against 98-17 drone. 
Round successful, but the miss distance uu rather lust, the mfsslle being 130 It behind 


12?9A-l61 
the tril of the drone a t burst. 
This large alas distmce a~ have been the result of a 


8 Jmu 53 
s m n r o l l systm mdfmction vhich occurred ira 54.5 to 60.5 sees, but it van w r e 
probabu caused by the statistics of systum operation. 


159 
Enme u Round 158. 
Beaeon s i g n d van lost on. mc before inurcept, l n i t i a t a fail-safe detonation, which 


124%-163 
occurre3 a t about 81 sacs. 
Although a -8s 
distance of sorts van achiwed, and a burst 


8 J m 53 
cOI.Pb u u sent to th. alssila, them uu no spotting charge detonation and the alssile 
n s not controlled,tath due t o the beacon IPalhmction. 


160 
prrctical flight daumstra- 
First field t.st of a h'uhed IUesile under the llIW I249 RhD Rogran. 
Test obJectives 


1 2 4 ~ - l 6 7 
tion of the n r b e d nysteB. 
w n obtainad. 
6 y . a prfo-ce 
van utiwfactoq, the miasile passed through the 
13 J m 53 
d e s i g ~ t e l 
lnbrcept point, md th. w h e d burnt occurred u pbnned. 
Photosraphic 


record. hdicatni %bat dl three vrrheads detonated. 
161 
hr-c 
h s t prepared as 
Round can be considered a successful OM inamch u drag and pressure data were obtahed 


ub9A-l64 
a . 
alssile. 
during the rJor portion of the flight. 


~ 
- 


13 SUI 53 
162 
Bystu t e s t against a W - 0 
Systubuharior 
generally eatiefactory. 
A a m c n y -100 volt short occurred a t 22.3 


124%-176 
bmne. 
sees; t h a n nr a very .hart periob of st.ering rates bot-g 
during the end-game; azd 
I 15 J.P 53 
im about 29 sees on the u-th 
and elevation error s i m s nore s l i a h t l ~ 
noisy. 
Fail- I 
-- ~- 
.- 
- 
- 
- 
eafe detonation van initiated a t 41.1 secn, but did not occur. 


163 
Condition, d 
obJectives 
Althcugh myatam prfonunce nr g e ~ r a l l y excellent and the missile successfuUy reached 


160. 


164 
Byst+. 
t.st a@nsta 
4?-8a 
S y s t a operation w geneadU ntisfactory, and Un rissile passed about 60 ft in front ' 


~ 4 9 ~ - 1 7 b 
draw. 
of th. -. 
l u g e .rpUt.de 
5 eps oscilktionm wen present ln r o l l thmughout m a t of 


X) .lm 5 1 
th. t u r n m r neriob. W alssile rdar nerturbtimu w r e notad tonu4 the end of the 
-- -- .- 


fllEht, aostly in elention. 


165 
h a t @st 
a QB-170 drone- 
Mssile vas 53 ft belw the right- 
of the drone a t burst. 
A 5 cps oecillrtion vae 


12b9*-17l 
o d i t i o r u m 
u 
u Round l6b. 
present in both st.ering d 
r o l l channels during turn-wer, diverging very s l w l y except 
22 J m 53 
for the k t 1.5 sees, vhen a taobency to convergs van preaent. 
Also, Just preceding and 
Just f o l h v b g turn-over. a low frequenw,lar amplitude oscillrtion vas present in yaw 


27 J.n 53 
170 
h a t agnlmt a P-UO brau. 
m e t o a oontrcl problem with th. &one, the aircraft vas on a SK ~pproach (app head-on) 


1249A-179 
a t the tim of alssiln hunch and continued M to intercept. 
@stem perfolmance under 


a9 ~m 53 
tb. conditi- 
described nr u t i s h c w . ~ o v 
frequency oscilltions were -in 
evident 


in both steering and r o l l chrnnele during turn-over. 
. . 


3oud no. 
Ussile Ilo. 
Test Objectins 
Remuks 


)ate ?ired 
171 
cneck on the Sea L w l 
O p ~ t i o n 
of the aissils d a r control of th. i n t e n d p m g r m r vu satisfactory. 
The 


L249A-191 
f l W t test. 
airslle vu programed through ita intended t r a j e c w , achiovins dyuamic pressures 


3 Tab 53 
gnater than t h o u to be encountend by tb. tactical aissile launched at 
altituds 


without uq widenem of W i n g . A 5 cps oscillation disappeared vhsn th. turn-wer 
- - 
~ 
- 


orders vere -ad. 


172 
h a t -st 
a 48-17 ~TOUO. 
Mi8sFL. response n s n o d during the turn-over priod, vith no evidence of lw 


1249A-183 
frequanq oscillation. Earner, rttcr 23 secs, th. pitch steering Ehurnel bid not 


l2 Teb 53 
function, 
the mlssils did not amroach the tar&. 


173 
Control rwnd to check lw 
Missile performce appeu-03 t o have been satisfactow in thrt the actual tr.Jectory 


~ b 9 ~ - 1 8 2 
irequenq oscillations. 
clordyfollovrdths pndicted. 
no film conclusion8 regsrding the objsctin of the round 
13 Teb 53 
could be mde, b m r , due to a telemctrp malhmction. 


174 
Test structural bending a t 
Once .(tain, high m 
c 
pressures were obtained vlthout developvnt of bending 


1240~-185 
high staerration pressures. 
instability. 
'Be a i s s i h vu destof.d by burst c 
d 
a t 30.5 secs. 
- 
- 


ieb 5j 


17 5 
Aerodpadc round t o check 
Actual trajectory n s about M predicted, ard the round yielded useful ~rodymaaic data 


1249~-166 
aileron deflection. 
on aileron effectiveness md roll dampiw as a tunation of k c h number. 
17 ieb 53 
176 
Pnrtical flight demonstration 
Missile puled through the d e s i g ~ t e d intercept point, acd varhaad burst occurred a t 


1249B-ll0 
of the whead system. 
that point. 
17 k b 53 
177 
ssm u Round 176. 
Missile passed through the space point, but although the burst c 
d 
n s trananitted 


12498-1090 
a t the p-r 
tim, follornd by .hut-dovn of th. r.du trrnrritter to initiate fail-safe 


17 J'eb 53 
operrtion, the nrheads did not d e t a ~ t a 
until +t. 


178 
Control round t o check l~ 
Lo. irquency oscillations w m present vhen predicted dur* 
the flight, 1.0, only dur- 


l2w-180 
Wequenw oscillations. 
ing priods vhan certain steering order c m b i ~ t i o n s 
n r e being tnnaaltted to the 
17 ?eb 53 
s p c i r l l y rodlfied control srstm. 


179 
Aerodpumic Tcst prepred M 
Accelerations of about 3 g in pitch and b g in p v t.hrm@out flight caused this mlssile 


l2W-195 
a &as mlssih. 
to follow a traJectory h a 
a peak altitude about 50,000 tt 1-r 
than predicted. 
All 
25 rmb I 7 
pressure gawes m i n e d a t in8t-t 
l i m i t throughout the flight, and drln d.tm rcre 
-- --- -- 
- - - - 
- 


u n r t i m l e due to ths mis8i1ets motion. 


ltn 
Control round to test roll 
There vu no indication of roll o ~ c i l h t i o n 
during the period of proammmed c-s. 


1249~465 
s t a i l i t y . 
The d e o ~ t r a t i o n 
of the W i n frmsible booster in i t s sxp.rlantrl state vss satis- 


27 Teb 53 
factory, although the end of boost velocity n s about jOO ftfsec (15$) less than that 
no& 
obtained vlth th+ 2.53)9-59.000 I 216x2 booster. 
Test fin step deflection 
TraJectoxy n s approximately as pmdicted. 
Trmnhr of control n s achiwed a t the urn- 
- -. 
- - - 
- - 


per^ time, n r ~ a n d s were t - a t t e d 
snd receivd until about 80 secs, about 15 sacs Infox 


tb. end of the p r o m r sequence. 
A t this tim the bucon si@ 
uus lost, and fall- 
safe detonation n s hitiatad. 


i62 
Same as Round 181. 
Round urn termbated a t approriatell six seconds.by urrsxpkined detonation. 


l24gA-186 
n ~b 53 


Contro rorrnd to teat ro 
Lksired tmJectory vlu obtained, the progranmed c-a 
n r e properly trmmmitted, 


%gA-169 
sWil:ty 
a t high altitud? 
received, md executed. 
4.5 ops she* md roll oscillations n r e present during tbe 


3 mr 53 
lllth ioduced roll-with 90C. 
turn-ovur period. 
Although fail-safe n s initiated a t 82.7 secs, the primcord 


destructor ring was not detonated until inpact a t about 1X) secs. 


184 
%ma u Roud 163. 
Desired trajectory n o obtained, and the p r o m d c&s 
were properly transmitted, 


12b9~-168 
received, and executed. 
The h m u l i c o i l supply n o apparently exhausted a t about 1 sec 


3 lu 53 
before the end of th. progn4uer sequence. Oscillations n r e present the same as in 
round 183. 
~n both rounds th. booster ignition shock v ~ t h 
the nev shockless igniter n s 


indeed much leas than the previously used tkrk 158 md. 0 st.ndard igniter. 


u 5 
h a 1.rel test at high 
Suc~ssfUl d. 
no instability due to coupling of the missile structural ohuroter- 


12kgA-192 
dyrmdc pressure. 
istics into the aissile control system uus present. 
> mr 53 
ltlb 
System test high acceleration 
Wisaile p r f o w c e van n o d , and the teat proceeded e s a a n t i a 4 a8 planned. 
Tkle to an 


1249A-175 
~ ~ e u r s r s 
by a target. 
Inadvertent a i u a j u s t a n t of the colpvter .uuuvsr a&, 
tb. apparent target meuver 


5 rU 53 
urn 1.5s rather than 3g. The aissile successrully executed these orders md proceeded to 
intercept. 
Burat occurred a t appro*imately b.4 secs, and the miss distance n s 123 it. 


m 7 
Sana as Round 185. 
Successful r=und. 'be duration of motor burning n s unaccountably short, and the 


1249~-188 
inte& 
tbd f a i l - u f e operation did not occur. 
The flight n s terrinated by i.pact. 


6 m~ 53 
159 
Control system test a t high 
Aa the reault of a wiring error in vhicb the c-d 
burst circuit uus strapped to the 


~ 4 9 ~ - 1 8 9 
altitude and vlth c r n l e x 
fail-ufe circuit, the aissilc vu detonated a t intercept, md the p r o g r m end-game 


l.0 ru 53 
steering ordsra. 
Test 
vlu not uhiwed. Missile perforrance prior to intercept n s satisfactoq. 
The special 


ABL igeiten. 
booster i w t i o n hock inatrurntetion indicated that these s M a r d ignitsrsvere con- 
siderably m r e seven than the special shockless ones, giving shocks u large as h 
M 


well as a greater number of shock cycles. 
1 
8y.W test a g a i ~ t 
a w o u d 
ntssile prformu~ce n s ~ t i s f a c t o r y , end a aiss distance of lO3 f t a t burst vss 


12?9A-2CXl 
target a t n e u rinLau ranpe. 
achieved. 
The flight n s teTmirat4d by i.pact. 
The strain O.up .lid disphc-nt 


12 mT 53 
i n s t m n t s shoved this ignition to be the roughest yet obaerred. 


19 
Control system test a t high 
Although itnrsbelieved that the ~ i s s i l e 
perfo~med as expetad in this round, l i t t l e 


1249~472 
altitude md vlth cmpl01 
u s W data w m obtained M the result of a t e l s u t q dfunction. 


12 Ict 53 
steering odere. 


191 
system test to intercept a 
The severest 4.5 cps steering and roll 0 0 c i l l a t i 0 ~ 
obsemed to date n r e experienced 


1249A-201 
receding tarpt a t 
during turn-war. 
A t 16.25 secs a mky aissile mtor n k e n s observed, md a t 16.95 
17 rU 53 
-0. 
sacs a mtor burn-throu& oceumed. 
A t 17.03 sees the positive roll aileron rain 


rhortsd, causing the fins md a i l e m s to love hud over in a positive direction. 
Tail- 


safe destruction n s a t 70.4 sees. 


9 . r ~ u r o d 191. 
Missile p r f o w c e vu e s s e n t i w utisfactory, and a miss distance of 148 f t a t bWst 


%9*-178 
vu achieved. 
A b.5 cps oscillation vu again noted M nu M a l w -1iMe 
oscil- 
- 
. 
< 
~ 
~ 
. 
7-- 
-- 


17 tkr 53 
lation a t 2.1 ma. The missile d e t o ~ t e d b r fail-safe a t 79 secs. 


zoucd RO. 
Ussile Ilo. 
h a t Objectives 


kt. mred 
L93 
Tent a t long range and high 
g h s missile roll stabilized, d 
th. ivdraulic system vas properly actuated a t misaile- 


L249~-19h 
altitude vithout 
booster nepuntion. Eovsver, the minsile did not resp%l 
to the dive order, but con- 


?6 hr 53 
0ireuitrJ. 
t M 
upvud, being tracked to an altitude of 150,000 ft WL. 
The r d a r n a turned off 
to lnltlata fail-safe a t 40.3 necn, d 
the characterlatic 
puff n n recorded by 


IOOR cueru. B-r, 
the name pbotographn also gave evidence tbat the mismile failed 
to break and continued to clinb as noted ahore. 


194 
Practical flight dsronstra- 
Rounds 194 h 195 nrarked the first RbD flight teatn of the new T933 Arming Mechanism8 


L249B-llob 
tion of the vuherd q n t u 
vith R E 3 detamtors. 
A maaesnful detonation of the nrhead system n n achieved. 
Bow- 


U-53 
inthe12498. 
emr, bracon contact n n lont a t lift-off, d 
the n r h e d a operated by fail-safe a t 
. . 
7.38 eecs. 


195 
a 
an R0U.d 194. 
Minsile vu succeaafully guided by ths progr-r 
to the denignsted apace point and a 


K49B-LIB2 
nuccennful vuherd burnt n n achieved. 
Mlanile perforpance vaa aatiafactory vith radar 


$1 M 53 
n o d . 


1 0 6 
6ru I. R 
d 
194. 
Successful nrherd detonation ns achieved. 
An unemhined dfunction caused the 
- 
- - -. - - 
- . 


i 5 9 ~ - l l 8 l 
mianile to hard w s t and also to climb shortly after-lift-off. 
h 
a 
l 
corrective orders 
2 Apr 53 
were given beginning a t 19 secs vith no effect. Warhead burst uas executed a t 35.1 aeca. 


197 
8... as Paw~i 19b. 
The minsile vu ~ e c e n s w 
Wded to the denignated intercept paint mb the warhead 


UbB-ll83 
burnt van achieved. 
2 Apr 53 
19 
8.a level teat st hi& 
All phases of miarila parfownce w m normal for Rounds 19U and 1%. 


U49A-1¶ 
prennum. 


2 Apr 53 
199 
8.p. u Round 19. 
Resdtn of ran level flight testsindicatedthat perfo~cevassatlsfactory under sea 


Ub9~-1% 
level launch conditionn. 
> Apr 53 
2CO 
Test flight d e r control 
Roruri vu succeanful since good drta on mieaile control systeu transient behavior vere 


1249~-198 
fin acceleratiann. 
obtrlned. 
Actual traectory of the missile correlated very closely vith the theoretical. 


1b APT 53 
l l o d fail-safe miasile detonation occurred a t about 101.5 secs. 


201 
Test a t long range .rd high 
Thin flight van only partidly successful. 
The duration of =tor burning vas slightly 


1249~~199 
altitude vithout BOC oir- 
leu. thrn n o d and the recovered mtor ohwedthat a burn-through occurred. 
hre to a 
14 A m 57 
cuitrr. 
w 
e 
gating oscilhtion the orders began to increaae in severity a t about 19 aecs, 
-.- 
-- 
clo;eG nsemblins neven enb-par ordera fra. about 41 aeca until intercept a t 72.6 
necl. -Thus, the ionditions we;* 
not representative of a noma1 flight. 
- 


202 
8..r as Round 201. 
nlssile perfomace in this round ma generd3.y ~tiafactory. A successful intercept 


1249A-203 
with the nupcr-elevated drone W 
e 
n s achieved, and ayatam p r f o w n c e a t high altitude 


16 A P ~ 
53 
n n good. 
The b 5 cpn oncilktions w r e not preaent during turn-orer. 
A burat order n a 


lent a t intercept, but then vu no evidence of ipotting charge detonation. Hoiae n a 
Dnnent in the beacon returnn a 
c 
d 
channel. a t thiw tlm? and vrobabb nuked the 
burst order. 


203 
System b a t to intercept a 
Plight m m e d by a number of malfunctions, most serious of vhich vas the depletion of 


1249~-202 
nceding tar@ a t 
the qydrsulio o i l supply a t .bout 68.7 seca, 5.6 seca befon intercept. 
mree pcriods of 


lb APT 53 
W e . 
roll dinturbance were notad during the flight. Spatting charge detonation occurred about 
0.9 necn after the burst order n s tranaitted. 
Trac~ing by the maails radar n a con- 


tinuously au-tic, 
but bas rou$hened ccnsiderably by l w frequency variations in the 


absence of pattern mcdulation. 


204 
W t r o l round to test lov 
Ihia missile vsr flown under progranncr control, and the programed orders transmitted 


1249-20b 
frequency oscilktioru of 
wen the h. u for R 
d 
178. lllnnih pcrfomace during thia round n a aatiafactory. 


30 Apr 53 
the minnile ntwring a 
Th. minnile succenufully cerphtad the p m 5 - h acceleration atepa a t bf meca. 
Shortly 
roll matau. 
then.itu contml n n lost dun to lw mianile veloaity, aa pndicted, d 
tumbling 


resultd. 


205 
h s t flight d s r control 
The step acceleration pmgma n n not sccmpllmhed dw to missile malfunction, am3 this 


124%-205 
fin ntep a a c a l ~ r ~ t i ~ l u . 
ramd vu not nuccesnhrl. 
The night can be divided into three #uses; e m t i c behavior 


d 
e 
boont; W e e oncilkticnu during turn-over; d 
failure after turn-over. 
Recovery 


indicated tbat while fail-nafe detonation did occur, the missile r a i n e d in one piece 
until ispact, probably because of the l o w dynuic l c d n on the missile a t the tinre of 
detonation. 


ZC6 
Test c.g. loution a t lor 
Rlie mund, althougb affect& by a s u b - n o d motor performance and erratic programed 


1 2 4 ~ - l l 7 8 
dynamic ~ m n n u n d 
ca.- 
opration, provided the neeennary d a t a for completion of the atudiea on the effect of 
.- 


5 r(.r 53 
piex nteiring ordarn. 
c;e. location a t lw dynuic prenmnn, for continuation of S0C evaluation atudies. 


Without 90C. 


M7 
Test flight d e r control fin 
Aftar a n o d boost, sepuation, and roll stabilization, and upon application of the -5g 


l249B-U79 
step deflections. 
dive c 
u 
m 
in pitch md p v , the minsile rolled counter-clockvise about 50 degrees and 


1b IbJ 53 
asnrnrsd an easterly heding. 
?or range d e t y purposes, fail-safe u a ~ 
initiated a t 20.4 
. 
~ 
arcs a d achieved a t 6.35 s e c ~ 


2% 
Test control of missiles 
Missile behavior b a n n o d until hydraulic o i l vas exhausted a t about 57 aecs, after 


1249~-181 
equip@ with U f h n m t 
rhioh, th. fin# failed to mnponb d 
the miaaile be- 
to roll a t a 0.2 cpa rate. ROE 


19 Ilv 53 
funaels. 
a RUC 
point of view, the flight vu nucceanful in tbat all applicable programmed 
. - -- 
. . 
step. rere Gipleted beion depletion of the hydraulic o i l N D D ~ Y . 


209 
20 obtrin 1249 missile drag 
R 
d 
vu prti 
sucusahrl. 
Pressure ead drag information mu obtained for the 
l249~-U& 
cwiiiai-ta. 
a n t i n night, 2A1~t.n- corerage vu adequate only for the firat 28.5 neca. 
The 


19 k 53 
flight t ~ J e c t o r y 
an neen by nkin tracking radar van cloae to the theoretical. 
Missile 


destmction took place a t 82.22 secn. 


210 
8Jster test againat. 
Wds ramd vu enaentidly successful, although u a result of dispersion a t the end of 


1249-ll51 
apcified np.ce point, d 
boont rhich uuned an lnltial wsterly herding of about uO, 
the missile dld not paas 


28 my 53 
to test the (pm.. 
through the npau point. Ih. four inert .mount gyme oprated throughout the flight. 
Th. three rodifled gyros operated satisfactorily. 
2 
system test .C.kut a g r a d 
R0U.d vas ~ c c e s s f u l l y launched and guided to the ground target. 
Mssile prfonnance van 


12&4&u53 
target a t n e u 
~ g e . nrginrl in tbat the beacm s i p d van lont f r m lift-off to 5.6 seca. 
noisa n a preva- 


2 JU 
53 
l.nt until 24 secr, nlight noise until 
aecn, no noise n a evident until burst 3.6 


necn, d 
n 
t 
nWt.neaun with *at. 
no .potting charge detonation n n observed. me 


W i n 2-48 baonter perfomad utinfactorily until shortly after separation, when the 
firu vere lont .nl tho booster 'ambled. 


AmmDIX ll 
264 
Round Uo. 
)(1eeile lo. 
h a t ObJective. 
m k e 
Bb nmd 
212 
me* 
b e t a t 
nnge 
%cceeeful 
H e e i h peead tbmugh the ep.cm point, ud * e t 
inioT'5Stion on 


3249B-1106 
.nd g)lo b e t . 
g)lo p r f o r m e e vu obtained. 
BTaering o 
d 
e 
v a n proprly txmnittad, noeii.d, 


2 Jun 53 
d 
encutad, d 
rfeeile p r i o ~ ~ ~ c e 
n e n o d throughout flight. 


213 
A-c 
b e t for control 
hunch, booat, d 
th. initial portion of the f l i e t v u n n o d . At 11.5 sene, howver, 


l2498-3l92 
f'ln e b p deflectla. 
60 cycle pnmr frm the o w b r rom to th. rieeila lrdu M TM loet. 
51. 
p r o m 


4 Jun 53 
hd etrrt.d no- 
but 
vhm the p o n r failure ocoumd. 
h i l - W e betamtion 
oc- 
a t 81.39 eece. 
214 
6y.w t e s t a t .ini.ur -e, 
Succeeeful round vlth n o m d prforuulce throughout. 
The rieeile a p p h a d th epoa 


l24~-1098 
(plo b e t , booebr .hock b e t . 
point, ud ebering o 
w 
e 
v a n prpprly -tt.d, 
noeived, d 
e u o u t d . TM 


4 Jun 53 
inert -t 
g)loe w e w i n u t i e f a c t o r ~ . The -ti= 
shock in.-ntatiao 
Indit.tsd 
- - 
a a l w aocelention rise. 


215 
~.roqynulic b e t d e r control 
Due t o a ~ U ~ o t i o n 
in tb. p v ob.M.1 of the eberin(lorb.r d a o i d s t o r , the r i u i l e 


324984&?4 
q e t r fin #tap aocelentimu. 
b u d d n o r t b u t . 
?OT a m u s e of nnge eafet)., rieeila deetruotion vu initiatad a t 35.9 
11 Jun 53 
mace. 
Tbe i m i t i a .hook lust-btion 
ludicatad a m u i m a .bock of 3Z-g. 


216 
control e p t u r d , snmn u 
A l l &see 
of the f l w t v u o norm3 until 31.6 eece, a t vhich t l m the 
o i l 


~ 4 9 ~ - 2 8 4 rwrd 215. 
eupg* u 
axhuetad. 
m r the r-r 
of tiu niii!.~t, d 
oontrol s u r f w e varr irn- 


11 Jun 53 
etnaPing. .d 
the rieeile m e rolling elovlf. 


217 
Mroqynulic b e t flown on con- 
bml conaidend euacamehrl. u e e i h e x p r i m e d aooehrations of about.). 
i n pitoh d 


12498-ll34 
t r o l fin e b p deflection 
2g in pv, tm eepuation until Utlatimx of th. tam-over o 
m 
. 
A prll u p l i t u l e 


16 ~ u n 
53 
Weetor).. 
5 ope oecilktion vu preemt in th. e h t i o n tr- 
ermr during the n i ~ h t . hil- 


u f e vu a t 91.4 eece. 


218 
Control d 
a t high w 
c 
Roud vu eucceaeful i n .boring the effect rhich .ovin( the burdLng node f 
o 
m 
3.5 


l2h9B-1135 
~ n e n w . 
lnoh.e to ebtion 64.5 h3 on th. -ing 
pu&. 
T M n w mridenoa of a #light wnt 


16 j& 53- 
- 
of bending a t the initiation of the tun-oror o 
d 
. 


219 
~ e e t 
m urial -get 
a t l o r 
Roud vu unrucceeeiul d w t o a rllunction durLng booat vhich r e d t a d i n a p ~ k r n 


3249B-ll22 
altitud. d 
b e t W i n 
riamile motor at&. 


23 jun 53 
booetar. 


220 
h a t an u r i a l t u g a t a t lov 
Sucweeful. Ih. riaella hd m initial eaefrud diapreion of about 100, but i n dl 


3249B-1213 
rltitude d 
b e t bwetar 
other reepct. the aleeile flight w e n o d . 6bort.l~ a f b r b e t tb. riamila pusad 


26 iun 5 3 
shock. 
tbrou~h th. hft rin( of the drorw .bout a t the mtb& 
~ c m h , 
~ ~ l e i n g 
the 


rirorrtt to b e t into iku d 
onsh. 
lo widmnce of the 5 ope o e c i h t i o n . Tbe 


8tatb.n nccelermetar Indicatsd a rrLM ehwk of 33s. 


2P1 
O b t i n data on riseile d~ 
Succeerful. 
h l a t r y records Inbicab that g 
d 
pressure .rd 'ins iniorrtion vu 


la4gB-Lul 
vlth 
4908 booster. 
obtalnd for the e n t i n fllght priod. 
Cmpleb Asluoia oorerrge ud n d u did data 
25 JIM 53 
w n d e o obtrirud. m e n w r e no aggreclable a c o e l m n t i ~ ~ e 
Indieatad either in pit& or 
. 
.- 
p w a t eepurtion. 


222 
8 p t u b e t ~ 
m 
t 
This rounb, like round 219, vu unrucoaeeful beuuee of M e x pin h i l u r e during boost. 
Tbie f r l l w neultad in prannturm rieeile wtor buanlng d 
mbeoquent rieeile 


. 
.- 
33 eece. 


226 
8u am l d 
221, except a 
Buaceeeful - Crrplete d 
~ 
~ 
8 
d 
p r o e m iniorvtion vu obtained, and Aeh.nia velocity 


3249~-1219 
KKK8 I booator vu mad. 
b.t. w n &o 
caplet.. 


9 J& 53 
M 
Aarodpuaic b e t flown on 
Onracceeeful - RrfoMnce vu n o d thmugb hunch, boost, d 
eepurtion; p r o p r roll 


~ 4 9 8 - 1 a 
control fin e b p d e f l e c t i a 
e t a b i l i u t i a n e .ohiuvod; d 
p o n r plant o p n t i o n n e eatiefaotory. 
C w b r o 
d 


14 Jul 53 
trrjectorr. 
n d t a d in a pitoh f'ln deflection. 
Coincident vlth theem a c o e l e n t i o ~ , ane of the uin 


rim filled etructwsUy. 
6bortly t&n.lt.r, 
t m more ..ln fine v a n loet, d 
t& 
r i m - 


e i h broke in tw a t 6.34 eece. 
m e boontar shock inrtnrm?ntmtion Indimtad a udnn 


shock Of 9 8 . 


228 
h e t M urial t u g e t a t lov 
The flwt v u b e t d a t 4.2 eece by riesile atructuml frilure caused by electrical 


3249B-3231 
rltitude. 
.rltunctiool within the rieeile. 


17 Jul 53 
229 
-re teat @at 
8arhm 
Obkotive of the round vu obtained, rlthousb exceeeive tracking noise d u r a the .nd- 


32498-3239 
nnge d 
to b e t 
p v e rime to m rmbrlJ h ~ g a 
alee dietrnce of Bl 81. 
Tbe initid phr.ee of the 
17 ~ u l 
53 
booetu. 
flight v a n s a t i e h c t o r ~ , d 
the riamile vu guidd tonrd the tugmt vithout difficult). 


u n t i l 1 0 eeoe befon b e t . O 
h 
refleetione cruead a divergent o e c i h t i o n in 


elention tracking. 


230 
8 7 e t r b e t a t 
nnge 
Buoceesful - IUeeile tnJectory vu a p p u e n t J ~ n o d , .nd the 8t.ering orders, vhich 


1249B-l227 
d 
b e t lLuon -t 
m e . 
v a n free of noiee u t r ~ d t t e d , 
v a n p r o p r u rrceivd d 
e u c u t d . 
All four imrt 


232 
b a t a t rripn nnge. 
ltleaih prf-ce 
vu a u e n t i n l J ~ utiefactor)r. 
Bovsver, spotting chrrge burst wu 


324-321 
d 
e 
w 
for 610 r L L U e e d e by M r.r.e. 
n o i n of 1.258'8 th.t w e praeent on both 


2.9 jul 53 
colPrd Ch.IYM1e. 


233 
AemQmmio taet flown on 
ltlaeile perfmmce vu satisfactory. R.du n e h a d off a t 83.6 sacs, .Id bl.pstxy 


12198-1201 
control fin et.9 deflection 
enledat 86.5 nee, Indicating no- 
fail-emf* opmtion. 


4 AG 53 
tnjectory. 


23b 
system b e t a t urian r w e . 
Sucoaeeful - Itiesile trajectoq wu apprently n o d , .nd the collrnd vu proprly 


1249B-=5 
tr-t 
. cutad ad. C 
d 
buret n e ordered a t 57.5 eece, but due to 
ll Aun 53 
heavy mitla .CORIIO. 
m mvident h i l u r e of the mpottin# chnrchargs brenk- an^ vlre a t 


I 
..&&ion. 
it in not known vhether the-bunt w e ~ n x a r l ~ 
m ~ c u b d . hil-eafe oc- 
I 


13 
53 
8.u a s BoDpl P35 ad tO t e s t 
k0.4 succesarU1, dthouah the mlss bistmce a t burst vu 209 it. Steering 
um-mn 
lruolr m a . 
vue proprly trumitt.d, rroeivd, ad exeauted, ud vere n k t i v e l y free of noise. 
At 
th. tin of burst U, 
the noise no- 
in s m n l previous rcumle vu w i n mncoun- 


iXl AUI 
53 
d 
o o a a&n 
a t the tiu of intaroapt, the colsnd chmnmls vem free-of noise. 


239 
Obtain u 
e 
c 
4at.a on the 
8uocsssful - ' h h t r y , A.kmk, md rab.r d i a l records nn obtain04 for the entire 


urn-1233 
I w e m l ~ s i l ~ . 
flight. 
Flsslle ur destropd b~ n o d fail-safe action a t a p p r o m t a l y 1W secm. 


9 8.~ 
53 
R u l u W i n g m s rtisfaotoxy except for three brief periods of slight roushness 


17 
53 
N* . 
Lr u Rand lb3. 
Ccauld.nd ~ o c e s s f u l 
despite th. l u w mine blstmos a t burat of 149 f t . Tiu of flight 
Ea~-194 
to i n t e r a p t ur 8.05 sacs longer than pa-04iot.d. 
be missile behavior vu n o d except 


17 
53 
f a tvo p r i c d s 4- 
vhiah oontrol rmplifier mlfunotlons a.ffect.d the miasils'e flight. 
' 245 
To etu4J the o o u n d l i P i t 4 
bud ns succearful in tht &ta w r r obtained for the c a p r i s o n of flight test 


Ub9B-lZ65 
robl la. 
truuients v i a thwry. 


-24 &p 53- 
- 


246 
To intercept m aerial t u g e t 
Un~ocessful - Action of the pitch fin n s e r n t i c , brifting frm 5O a t lift-off to zero 


u$98-un 
a t n u r ~ d r ~ l 
r w l u w e . 
begreas a t sewation. 
'Ibe pitch nta m o bottaud a t 3.37 secs. md a t 3.4 secs the 
1 Oot 53 
pitah aocbhntion exceedad 7.56. 
Ibis high accelerrtian caused a =in Tin failure a t 
3.6 wecs. 
The pitoh beacon return w i g r d ram noisy tbra&out the flight. 


247 
&no u Round 246. 
SuccensN1 - Burst n 
m 
approxlmstely a t 92.9 sscs about 130 ft ahort of the target. 
Hiss 


l2M-1267 
b i s t m a a t bunt ur 135 ft. ud closest amroach m s 61 ft. TW of nirrht to inter- 
- - 
- 
- 
- 
I oat 53 
Copt ns 3.U sets longer mill 
pdiot.d. 


243 
8mzn u R 
d 
2U. 
aocessful - A t llft-off. a u r s n f u y +200 volt short cursed the crpvnd input to the 


Ub9B-le69 
s t e u j n a ud aileron ..pUfiers 
to r t u r a t e . md the fins md ailerons bottawd. 
%r 
1 00t 53 - 
s.purtion h w m r , d i u p l i f i e n n r e functionlq nomd3.y. 
Burst vu a t 48.6 sacs, 


85 n short of tb. tupt. Mas distmcs n s 86 it, and clonest approach n s 41 tt. 


249 
reat pd-• .0.irut a 
a t i s f ~ t o r y 
night, asmile v u propr 
to the space p i n t . 
&st 
odored a t 
I I 


194-1275 
-*ring 
tuwt a t 
64.91 meom ud acbiwad a t 65.025 secs,%ss 
distmce v u 150 it. Plight t h n s 6.1 
i 


8 oat 53 
d t i t u d e rrd 
nnge. 
secs m a t a r th.n the foaputer 
ptadiction. 


250 
Rhwy objectin u u 
S~m8Ut- 
a ~ c c e s r f u l round. Motor s t u t ocnrrred about 1 4 sec8 kt. i n this round, 


lZ-49-3.271 
loud 249. 
but m t o r burnlag itself n s appuant.4 n o d . Steering m 
a 
were p m p r l y t-s- 


15 Oct 53 
mlttd, n c e i ~ e d . md mucutad. ud the misoile n a &deb 
to intercept point. 


2% 
PrirrJ obJeotivr a m u 
Bucoesnhrl - DncdulAt.d Bteering ozders vere noise free md rare properly trulsmltud, 


ubm-LZB1 
a 
d 
nk. 
rrwivO4. ud emoutel. 
h v s t vu ord8r.d a t 63.702 secs md achiavd a t 63.803 sacs. 
- 
~ 
- - ~~. 


15 bot 33 
w 
e 
& o r a t burst vu -I25 ft in spite of th; &cessive buret d e w . 


2 
P 
r 
w 
obJeotim w u 
bcoessful - Bteerlq c 
d 
s 
nra noise free and wn properly t-ttod, 
receivd, 
' 


U 2 9 w q 9 
R o u d 2 4 ad to t.et ma 
ud em0ut.d. 
Burst c- 
ur sent about 64.4 secs, md succeashrl n r h e d detonation 


15 Oot 53 
n r h e d - 8 b . 
o c n u r d aftar n o d b e 4 (67 milliseconde). 
The n n p error a t burst was -180 ft. 


253 
a 
u ~ound a49 ,9 
252. 
Art- 
successful - Usmile behavior v u no& 
until about 30 sacs when a possible 
' 


U49B-3243 
r l l w r o t i m ooourrd either in the pitch stesrlna mmplifier or in the s t e e r b order de- 


15 Oot 53 
d ~ l r t o r . ud t&raatt.r 
t& .issiie fai1.d t o A s p o d to pitch orders @ n u b y the cm- 


pter in o n b r to c o m c t m e u t a r l y deviation in the rissilels tr.jectory. 
Bovever, 


mooesshrl detonation of the n r h e d s r a l achiwad. 


25 5 
l249J-lR83 
u r i d t u r e t n a u rdmn 
nrr proprly transmittal, reuim4, md executad, mb WN M 
of noise. 
Opention of 


20 Out 53 
r u w ud to t e s t Ball mtor. 
th. Bell rsta-r 
motor vu norml, vith mmth start, bwnlng, md rhutdom. 
Flss 


distauoe n s e s t i r b l a t 143 it, closest approach n s about JT ft. 
2 
Eralute perf-ce 
t 
Objectives verr achlevad. 
Except for a n 
n 
y 
ZC9 rolt short a t lift-off, launch, 
l&-lm 
a rpnnuhu tutulet e 
boost ad s . p ~ . t i m nn no-. 
Etaorlag 0-s 
w r e proprly transmitted, receivrd, 


20 Oot 53 
rdmn 
ud t e s t -in 
ud amout&, ud were M 
of noise. 
Fang* error n s -30 n. A 5 volt short occurred 


T-48 boost.+. 
&&n a t the i n i t h t i m of the burst order. 
Recwerrd booster m n t s M i u t e d 


utlsfaotoxy -11-destruction 
of the W i n boostar. 


256 
Bu am Rolud 254. 
C a u l A e d ~ c u s s f u l , since, essentiaUy, dl of the tamt objectives verr obtained. 


1249B-1289 
hunch, boost, ud mspurtim n r r n o r r l , ud n o i s e - h e s t e e r 4 c-s 
w r e p m p r l y 


22 Oot 53 
-tM, 
rroaivd, ad em0ut.d until 34.5 sacs. 
U s c t r i e d d h r n c t i o n then occur- 
- 
in ths oontrul q s b . h 
r 
36.5 secs, steerins ccanrd p r f o ~ c e 
m s again 


n o r r l . 
O p n t i o n of t& 
Dell mstaiuar lotor vu ~ood, vith m t h start, burning. a d 


shut-dm. 
-tion 
of *st 
n 
m 
21 sacs. 


g Iite Pired 


257 
Systen t e s t a&~inst long 
ObJectives w r e not obtained. 
Launch, boost, and separation vcre normal; motor s t a r t wns 


range target d a oold teat 
~ t i s f a c t o r y i d 
the turn-over o- 
w properly transnitted, received, d executed. 


fluctuations of the stsaution pressure voltage. 
A t 8.8 secs, second mlfunction 


occurred, follwed by control surface deflections to cause missile break-up. 


12% 
Test ngninst an aerial target 
A U obJectives of round were obtained. 
launch, boost, and separation n r e norml. 


1249-1267 
near s.irmm ranse- 
Steering c 
W 
s 
were proprly t r n u d t t e d , received, d eurmted, d 
w r e noise-fme. 
8 0ct 53 
Miss distanee wns 159 f t , and closest approach m a 59 ft. 


950 
%st lcmdvnamics and to 
Obleetives nre not obtained. 
Excessive accelerations vere achieved in both pitch and 


y& in response to the turn-over c 
d 
; 
a missLle 104 in excess of 13g de-&loped, 


d f i h shuuedloas of one m i n f i n a t 6.14 secs, fo- 
by loss of the reraining fins 1 


and strucfu;al h i l u r e of the mlsaile. 


260 
Test ngninst long -e 
hr- 
ObJectives vem achieved. 
Launch, boost, and separation n r e n o d , and booster frag- 


3249-1261 
get d t e s t Bell motor and 
mentation a h e r sepustion appenredto hnve been satisfactory. 
Pover plant perforumnce 


3 Nov 53 
Wvtin T-48 booster. 
-8 
satisfactory. 
Durntion of * h a t wns about 20.4 sees. 
Burst was 70.7 secs. 


System t e s t agDinat long 
Objectives were achieved. 
bunch, boost, nnd separation n r e n o d ; steering cozarmnds - 


=re properly t r a n d t t e d , received. d executed; ud &ssile uas guided correctly to 
-- 
3 N& 
53 - 
target. Warhead burst has achieved successfully. 
262 
Samc as Round 261. 
Objectives were achieved 
results as Round 261. 


1249B-1259 
I 


1 
N& 
53.- 


3 
Systea t e s t . g . U t l ~ n g range 
W i d e r e d successful rlthovgh paver plant perfolgnce wns a b n o d . Launch, boost, nnd 
.cpustion were satisfactorj, nnd w t o r ignition occurred a t the n o d tlme. 
The 


, ? n& 
5<- 
124h rissFle d boaster d 
dtiation of -tor 
burninx. hawover. n u o n l ~ 
17.81 eecs. nnd motor &amber ~ r e s n r r e w I 
I - -- -- 
C 


2 Feb 54 
ing guidance .cction 
hsve beem satisfactory throughout the flight. This nu the f i r s t R&D mud to hsve 


(CS16725). 
intercept a t 
r w e md nltitude. 


Flinht t e s t the midance 
Test obJectives were not attained due to nn electrical maltunction a t lift-off vhich 


10 Feb 54 
! 


266 
Evalunte system performance 
Over-all system and individual component prfommceappearedto have been satisfnctory 
i 


1249-13ll 
emphnsiring guidance (~916725L 
throughout the flight. 
launch, boobt, and sepnrntion were n o d , with 
of I 


7 rsr 54 
nlao to t e s t Schvien M e 1 B 
attaek about 10 degrees. 
Schvien gyros operated satisfactorily with m%dmm dispersion 
j 
- 
- 
gyros. 
of about 3O. 
I 


267 
h 
M Rouud 266. 
Over-all system and individual c~npanent performance appearedto bave been satisfactory. 
I 


1249B-1317 
Msfurbance in ths contml roll mount gyro during boost cnused the ailerons to deflect I 
I c&; 5L - 
lo0. 
Roll system ~ r f o r u d 
satisfactorilr d the 4 m o s shoved no disturbance durine 
I 
, .- . 
I 
boost. 
The input io the steering nmplifiirs w noisyatter detonation, being e q u i d i n t ' 


to about 3g's. 
This oaused fin deflections on the order of lo0. 


268 
Test a t long range the pro- 
Gmpleta t a c t i d launching nnd guidance equipDent instsllation for RkD rounds wns in 
, 


I 


1249-1285 
duction-type launching d 
operation for this round, f i r s t to be flown wlth the new equipent. 
Over-all aystem per- , 


17 rar 54 
guidance e q u i p n t vlth Bell 
f o m c e of 
equipcent d missile appenredsatisfactory. 
Operation of Bell -tor 


Lbtar . 
van satisfactorv. 
Dive order van indicnted 7.5 sec nfter 
lift-off rather than the 
.- ... . 
intended 5.3 s&s. 
Did not adversely affect .;stem 
performance. 


269 
&me 
as Round 268, but using 
Over-all system perfornance of wound e q u i p n t and missile appeared to have been 
, 


1249-1295 
AeroJet General wtor. 
satisfactory thmwimut the flight. 
! 
30 w 54 
270 
Systea teat a t long range and 
Round d a o represented the f i r s t flight t e s t of "mcdified" ahnped c 
m 
limiting set 


12498-1319 
high nltitude using guidance 
into the coquter. 
Round wns unsuccessiul due to a p e r p h t failure shortly aftar 


7 Apr 54 
.cction (C86725) d Bell 
aepustion. 
b t o r exploded a t 3.73 secs folloued by -tor 
shut-down nnd oddizer bluu- 
1 


wtor. 
down 0.37 sees later. 


271 
8ystea t e s t d e r seven 
Unsuccessful - The flight appaared normal through motor start. It hasthen believed that 


1249B-l259 
intercept conditions. 
A cold 
an explosion occurred in the hy*aulic 
acolmulator, possibly as a result of dieselization, 


14 AD^ 54 
t e s t usirrcr Bsu -tor. 
which ruptured the nose section. 
No cornlation could be seen between the failure of the 
- 
- 
mmd sod the lw tcmre-nture tests. 


272 
*stem 
t e s t under severe 
Generally successful. 
Canputed position difference a t n 
d 
intercept wns 69.7 +ds. 


124gB-1315 
intercept conditions. Using 
Bpd-game c-s 
n r e less severe than observed in previous AME I r o d s . 


14 APT 54 
guidance section (CS16725). 


2-73 
System t e s t under severe in- 
Unsuccessful - Guidance section failure caused the mlssile PGC to drop out a t lift-off 


1249B-137 
tercept c o n d i t i ~ ~ ~ . 
nnd the missile tracking ndar to lose track. 
Pail-safe took place a t 3.26 secs. 


14 AD^ 54- 
274 
System teat for comparison 
Suocensful - The miss distance a t burst was 93 it vlth the flight terminating by ground 


1~49~-1321 of miss distance data. 
impct a t 70.67 aecs. 


28 APT 54 
275 
SSM 
M Round 274 but using a 
Successful - Miss distance of 35 ft. P e r f o m c e of both missile and ground guidance 


' 


12498-1323 
CSl6725 guidance section ud 
e q u i w t wns n o d except for (1) a large step in climb orders developed a t "ON TRA- 


28 Apr 54 
Bell wtor. 
JEC'KSW and decnyed exponentially wlthin a few sees, 
(2) a t lift-off, the ailerons 


deflect& 5 degrees. 


276 
Samc as Round 274. 
Successful test of thc I(ME I system. 
Xlss distance f r m IOOR w r a instrumentation has j 


12498-2~3 
58 ft. 
Operation of the missile nnd ground guidance equipznt wns n o d except for one I 
28 Apr 54 
irregularity: i-24 sec nritching occu~red before "ON TWJlXTXlY." 
I 


277 
Same M Round 274. 
Successful in that intercept vas renched; hwever, the miss distance of 121 it wns con- 
I 
-. 
12498-1297 
sidered saaevhat larger thin n o d a t 1-2 secs, the caputer uas ordering positive 5g 
5 mi 54 
c-s 
in both pitch and yam. 


I 27 
Test the newly developed 
The Re-knock Frequency Divider inst&lktion 
in the radar functioned properly although 


1 &A-lm 
"Missile Re-kn* 
Requenq 
laage tracking nu very rovgh between tbe rsngea of 7 4 , W nnd 8 7 , W s h u t ~ d s 
frcm the 


! 5 my 54 
Divider Circuit. 
rsdar. A brief period of noise wns not& a t 67,000 yds nlso. 
Autevltic tracking wns 


279 
Snme M Round 274. 
ful - Miss distance as determined frm ICOR film van 55 It. 


1249-1325 


-& 54- - 
31 
9.Pe am Round 274. 
Succmsaful - Miss dimtancs 58 it. Ewever, telemetry records indicated a loading of the 


24¶-2207 
418 volt supply vith no uubnbnce for 0.3 sec a t 19.0 secs. 
No control system reaction 
I 
2 Ehy 5 4 
occurred. 


92 
Same am Round 274. 
Successful - Mias distance 44 it. 


249-1305 
2 my 54 
B3 
h 
e 
as Round 274, also a 
Unsuccessful - Missile appeared to be approaching the target with normal performance un- , 
249B-a171 
cold t e s t round using a 
ti1 about 28 secs a t vhich time a malfunction occurred loading the control voltage. 
At 
, 
2 my 54 
1 2 4 9 missils and booster. 
about 34 seem, b r g e acceleration and r o l l angles were ssan and a t 37.5 secs the mlssilc 
failed struct.rall.y. 


84 
Same u Round 274. 
Succemsiul - Miss dimtancs 98 feet. 


249B-2249 
2 I*r 54 
a5 
Ssne an Round 274. 
Successful - Hiss distance 70 ft. 


249B-1345 
2 b y 54 


Symtem test under severs 


c 
d 
limit. 
Fail-arie detonation occurred a t 93.a accs. 
Gyro p e r f o w c e was 
I 
Successful - Did-game orders were satimfactorily executed i n the presence of the modif:& 
' 


249-1419 
intercept conditions uming 


May54 
laxson 
s. 
satisfact0 . 
7 
a s y d 274 and using 
An i n t e r c e g nu achieved; hwever, the d s s distance vas considered t o be excessive. 
I 


2 4 9 ~ 4 9 3 
b r t i n T48E2 booster. 
IWR film record mlss distance a s 119 f t . 
T4BE2 (UM-14) booater functioned normally. 
i 


,6 m y 54 
t 


S- 
~ o u n d 274 and cold 
Did not achieve an intercept. 
Flight was te-ted 
by a structural break-up st about 
; 


249~-1301 
t e s t of 1249B missile and 
24 secs. 
A t 23.7 secs the yav control f i t s were deflected hard-over by an unknown 


5 m y 54 
booster, using Bell motor. 
mali\mction. 
i 


B9 
same a s Round 274 and using 
Intercept n 
m 
achieved. 
Miss distance was considered t o be excessive-lh2 it. Detona- 
i 


249A-19 
a )artin TUE? booster 
tion of the ME'? 
booster n o about seven seconds premsture; hwever, destruction 


6 m y 54 
appeared to be complete and no large fragments vere observed. 


! 93 
a s Round 274 and using a 
Intercept van achieved. 
Miss distance n 
m 
230 f t . Detonation vas about 1 sec premature, I 


249B-1409 
b r t i n T k 8 a booster. 
occurring a t 9.2 secs. 
?~a&rentation n s not canplete, booster cylinder remained intact ' 
! Jun 54 
frm about the head-plate aft. 


Sanw a s Round 274. 
Intercept n o achieved. 
Miss d i s m c e van 52 It. 
!91 
249B-1423 
I Jun 54 
!92 
9.Pe a s Round 274 and using 
Intercept va. achieved. 
Miss dintance was 31 I$. 
Detonation was about 1 sec premature, 
, 


249-1303 
a -in 
T 4 8 E boomtor. 
occurring a t 8.25 secs. 
Apparently coincident with o r shortly a f t e r separation partial 
' 


I Jun 54 
boost failure occurred. 


s8r.m M Round 274. 
Intercept n s achieved. 
Uiss distance was 67'ft. 
!93 
L249B-1913 
I Juu 54 
!9 
R4D firing w a i n s t s e r i a l 
m ~ c c e s s f u l - Beacon-radar contact vas l o s t a t lift-off and the f l i g h t was tersirated a t : 


~ 2 1 ( ~ - = ~ 1 target a t long rango and -d. 
6 sscs by fail-safe dsstauction. 
(This i s an abnormally long fail-safe delay). 
I 


) Jun 54 
altitude for system accuracy. 


!95 
an Round 294 and using 
Objective nu obtained. 
Telenetry dash recordaindicatednormal perfornance throughout 
! 


L249B-1421 
W o n Gyros. 
the flight, miss distance a t intercept was 110 it. 


? Jun 54 
> 
Test aerodynamics of longi- 
Round vas vlthout value because of several d i u n c t i o n s . 
High r o l l rates Vera experi- 
' 


L2?9-1243 
t u d i d s t a b i l i t y derivatives. 
enced during boost. 
Missile sustainer motor did not start; telemetry van l o s t a t 4.25 
j 


> Jm 54 
mecs. 
Roll control n o l o s t a t l2 secs, mlssile began a corkscrew path, l o s t velocity 
, 
, -- , 
and tumbled. 


297 
System t e s t t o prow accuracy 
ObJectives were satisfactorily attained. 
Telemetq dash records Indicate normal per- 


L249-2341 
and r e l i a b i l i t y i n n o d 5.4 
f o m c e throughout flight. 
Mias distance was 141 it. 
16 Jun 54 
mode of operation. 


29s 
Same am Round 237 and with 
Instrumentation, specisUy prepared t o outline separation characteristics, appeared 


1249-2363 
s p e c i d inmt-tation. 
t o have ;ylctioned proprly. 
Objectives vere satisfactorily attained. 
Miss distance was 
16 JUII 54 
122 it. 


299 
Sans -Round 
297. 
Objsctivss vers satisfactorily attained. 
Mias distance vas 91 f t . 


1249B-2V.l 
-- -- -- 
16 Jun 54 
3@3 
Sane am Round 294. 
Objectives vere attained. 
Missile f l i g h t appeared t o have been satisfactory with inter- 


12498-2387 
cept being achieved. 
Miss distance n s 101 ft. 
23 ~ u n 
54 


350 
Sane am Round 2?4 anl umiw 
Objsctivss vere attained. 
Mismile flight appeared t o have been satisfactory vith inter- 


3249-2299 
-on 
gyms. 
cept being achieved. 
Fnrtid daf. indicate a miss i n excess of 200 it. The 4 inert 
23 Jun 54 
gyros p e r f o m d satisfactorily, nax3mm dispersion being about 2O. 


351 
Same a s Round 294. 
Objectives vers attained. 
Missile f l i g h t appeared t o have been satisfactory v i t h inter- 


1249-2415 
cept being achieved. 
23 JW 54 
352 
S y n W t e s t of missile 
Missile performance i n tho presence of raised and modified c- 
l i m i t vas satisfactory 


12b9~-2b35 
stability and control under 
and only brief priobm of rate gym b o t t d n g occurred. 
Xaxhum dispersion between 


10 Juu 54 
t w different i n t e r c c ~ t 
-on 
4 degrees. 
difference betveen the inert and control w o n was 6 
<- 
conditions. 
degreem%ring the pr0-d 
dive a f t e r intercept. 


353 
Same a s Round 352. 
Mismile perfo-ce 
in the presence of raised and modified conrmsnd l i m i t n s satisfactory 


3249-2395 
d 
only brief priodm of rate gym bottadng occurred. 


3 0 sun 54 
354 
S a m M Round 294 a t extr- 
%tisfactoxy, achieving an intercept with a miss distance of 5b f t . 


1249-1349 
rmgs and snvimnnsntrl cold 


7 Jul 54 
tent round. 


Date Plred 
355 
sau u Round w4. 
Achiwed an intercept although the -8s 
distance baa excessive-221 it. Rough tracking 


124952437 
uu widsnt thra@outrost of the flight, vith indications of faulty miaaile beacon per- 


7 Jul 54 
roramco. 
t3pcial instmmutation for testing the pttem-of missile-booster relative 
. 
- 
rotation functioDsd DTcprly. 


3 
Test of th. "Haslle Re- 
Divider Circuit functioned proparly. 
Copputer successfully engaged the long range brgst 


K&B-2439 
ICn& 
hqurnc). Divider 
d 
an intercept uu rehiwed a t 184 sac. 
Eovsver, b secs befor. intercept the missile's 


28 Jlrl 9 
Circuit: wtrll.a to 0- 
-10 
O i l N W 4 YU depleted. 
The dim ooland aTeIrsed about -1.75s Mthal' than 


range t o 10o.Oo yds. 
-2s because of an i n i t i a l turn angle and a a m d l m l l error. 


357 
Teat mcdified c 
d 
limit 
Tvo inert g)?oe and tbe control &rro parfornd ~ t i s f a c t o r i l y 
vith a m8xlm.m difference 


1249-2567 
d 
to test Schvien d 
betveen th. t h r a of three degrees. The a-(t.u 
orders n r a ~ t i s f s c t o r i l y encuted in 
28 Jul 54 
Huuoll gym. 
the prasu~aa of the revised 
limit. 


3% 
Test a t .axiPn Imge and 
8uccessftL- T r d t f q uu not d f e c w by ground xwflectio~. Miss distance n s IZ? It. 


~ 4 9 ~ - 2 4 4 5 h u altitub. region. 
4 Aug 54 
359 
&ma u Rourrd 358. 
Successful - mss distance urs 132 ft. Wssile transportlug r a i l urs found in the mised 


Urn-2449 
position after firings u in R3n. 


4 - 9 
360 
Sans u R 
d 
358. 
hccassful - Wss dlstance ure L16 ft. Ulsnile transporting r a i l urs again in the raised 


1249~-2455 
position sf-br flrings u in R's 3 n d 
359. 
b Aug 54 
361 
Bystem test using a mcdified 
Unsuccessful - Ulssile failed structurally a t 7.7 sees u a remult of exceseive 


1249B-2527 
c 
d 
lirit. 
acceleration. Telcntrl Inbiutmi periods Of non-linear p v fin response as nll as a 3 


11 Aug 54 
cycle omcllhtory condition Just prior t o initiation of the dlve c 
d 
. 


Syatem test .gainat 8-17 
Intercept w not achieved. 
Arcing in the missile mdu tr'.n.mittlng 
n v e guide caused 


i ?&-2469 
tarnet a t medium altituba 
loss of miesile-ndu contact a t 38 secs. hil-.ai. missile destruction occurred 3 secs 
- 
15 L i 5 i 
Md-low range. 
latar. 


363 
sans u ~ound 362. 
n i g h t n s terninatmi vhcn s t ~ c t u r d 
failure occurred a t about 23 secs. 
A missile 


12498-2447 
~ s t a i n a r 
rotor burn-throub caused unbalanced l a t a d m n t s d 
virine dam88e vith 
-- -- - 
15 ~ u g 
54' 
subsequent contml system raltunctions 
in turn r e d t e d in structural failure. 


364 
Testing of the modified 
Successful system accuracy test. Miss distance n s about U0 f t . Tour T93E5 SM 


1249-2517 
TUEZ 
booster. 
Testing of 
.sci?anismn umad d 
detoluted properly. 
Ibe T48g booster performmce appeared n o d . 
25 AM 5b 
the m3B6 8.i.W 
L Arrine 


mchaniul. m s t against B-17 
a t d. 
altitude d 
i n t a d - 


late r a w . 


5 
h 
u R 
d 
364, except 365 
Successful test of th. .obifled ccrputer c 
d 
limit ard end-gsm e 
m 
s 
n r e rat- 


?&-2521 
w hunched d 
aided against 
i s f a c t o r i l executed.. Tel-trr 
indicated tbat one of the T93d BUL uchnniam in the 


c 
d 
llmit. 


366 
System test a(tainst a B-17 
Rau data avnilable the flight appeared to be n o d throughmt.Wss distance n s U6 It. 


12498-2549 
type targat a t medium altitude 
Rrioramce of the Tb&? booster thmugb boost d 
sepuution appearedto haw been 


1 &p 54 
L intemsdi.te 
range. 
Also, 
n o d . The ink tmclngs verified a straight separution. 


test TUPP.booster. 


367 
s a ~ 
u R& 
366. 
F r a &ta available th. flight appeared to be n o w . Wes distance n s 140 It. 


1249B-2529 
1 sip 5-4 - 


s y s t u test .sainst a B-170 
Although round successfully achieved intercept vith an acceptable miss distance of 136 


%g~-2725 
target a t adilu altitude L 
ft, tha foUoving s y s t u cbuucteristics vera noted: (1) Tracking of the 98-170 drone n s 
1 &p 54 
intermediate range. 
Also 
. c c m r a i ~ I 
by a vander of about 0.3 cps; (2) Cmpter orders r e n s c t s 
a 
~ 
frequency dur- 


test of T936 9aA dwicas. 
ing tha l a r t 10 secs. Telemetry dash records lahilute the four T93E6 9hA devices uud 
prowrly aud detonated u intermled, 


369 
System test r 
d 
uelnga 
A t lift-ofT dl control surfaces vera deflectad n n t a r l l y , A t about 3 sees a XY) volt 


1249B-2513 
modified c 
d 
lirit. Cold 
short occurred causing large deflections of the roll eFlcmns d 
yav fina. 
Excessive 
2 &p 54 
test of 12498 missile d 
accelrratioxu d 
s t r u c t d failure occurmd a t 3.5 secs. 


booster. 


370 
Test .gainst a B-17 target a t 
Unsuccesshrl - Flight uu terrinated Just prior to 28 secs by missile breakup. 
Ibis n s 


12498-&5 
medium altitude L intermediate 
due to a flrstainer rotor bum-through a t abaut 22-75 sacs follond by electrical ull- 


8 &p 54 
range. Wet of T4tW booster b 
Nnctions vhich caused excessin accelerations. tvo of the =3B6 
devices performed 


T93E6 SM devices. 
properly, but the fvo environmentally tested units did not arm. 


371 
Bue as Rourrd 370. 
Appeared 
han beon a n o d flight; the miss distance n 
m 
100 it. The four T93E5 


12498-2757 
SM devices ouerated .atisf.ctorFlr vith the exce~tion that ona of the anvlmluurtalb 


8 & 54-' 
tested units did not ur until about 6.5 secs attbr lift-off. 
372 
~ e s t 
a t extreme range b high 
Round n s ta gain elgcrienu in the use of a mdu pre-bock count-dm penel a d to 


1249~-2563 
altitude Isee discussion). 
investipat. ~ ( I I 
I swttina charae visibilitv a t e 
~ 
a 
a 
-. 
~lthounh the missile 


hydraulic o i l ~ p p l y - n s 
diplrtsd a t 170 seci, 2.5 secs beto& intercept, the test n s 


~ccessful. Sweral periods of noisy m 
s 
n r e noted coincident vith the loss of 


track. spotting charge n s Tisible. 


373 
BJrtem test using a modified 
WsucceSShrl - Thls rrs due to a m t o r burn-through a t 23.5 sees. 
At 24.7 n c s , the 


12498-2617 
Mt. Alw cold test 
milsile lost velocity rmpMl~ due to the large angles of attack. 
Nissile w trncked to 
8 &p 54 
of 1249 miasile b booster. 
the ground by du. 


374 
Test against a B-17 target a t . The yaw channel of the ~teerin(l order d d u l a t o r urs i n o ~ r a t i v e a f u r about 33 sacs, 


12498-2533 
a medium altitude L intermed- 
d 
the missile failed to n s @ 
to corrective orders being issued by the c q t e r . 
. 
. 


T48E2 booster. 
. 
375 
u Round 374. 
Also t o 
Appeuad b be a n o d m g h t throughout. 
mss distance w 162 it. Recorery of the 
12498-2795 
test 
E M devices. 
Jato Inbleated th. uresence of r e l t i r e roll durina semntion. 
Ibe four 9hA devices 
- - 


15 &p 54- 
~d d 
d e ~ t a d p ~ r l . ~ . 


376 
8au u R 
d 
375. 
--beacon 
contact n s loat a t 3 secm; fail--fa 
missile &.truetion 
occurred a t 5.9 


- 
- 
- 


15 iep 54- 
377 
S p t e a test W 
t 
a B-17 
Appeared to be a n o d ilisht tbroush intercept. 
IUes distance VM 65 It. Tail-rufe 


12b9B-25Y 
tarset a t a d 
m 
altitude b 
d e l u uu about 12 secs inatad of the expectad 2-3 secs. 


( 15 &P 54 
a. intermediate range. 


22 Sep 54 
3 
feet .g.mt a B-1 tu'et 
a t 
Coincident vith the transfer fr- e x h d t o i n t a d pmer, the bucon response, as 


a d i m altitude : 
an intar- 
.hm by missile M C racordm, 
to decraue. 
By lift-off, 14 mece latar, beacon 
b 
dirt. 6 lon. m e . N s t 
cont.ct h d k e n lost. 
N 1 - m r i . missile destruction occurred a t about 5 sees. 
E.ch of 
- -- .. 
~ 


the 1996 SA-devi&. 
the 8 S A Qevicea .wd prowrly. 


361 
Sam u Round 3%. 
Appeuad t o be a n o d flight. Mila distance urs 79 ft. 
Spotting charge detonation 


73hm-2715 
ocnrrred a t about 40.4 sece; f a i l - n f e a t mbout 44 eecs. 
Each of the 4 SbA devices m 
d 
-.,- 
-.-- 
n a~ 54 
and d e t ~ ~ t e d 
~ r w a r l y . 


2 
S y s t u teat round using a 
Due t o an oparatio4.l error, rounds were flovn under n o d caPnand limiting. 
Flightm 


g49B-2847 
a c d i f i d c& 
limiting, 
appesrd to have been n o d throughout. 
Spotting charge detonation occurred a t 62.3 
i 


29 9ep 54 
(wee discussion). Test 
sees, d 
h i l - u f e about 65.7 seem. 
Boater flight perfomance vu n o d ; however, the ' 


T4BE2 booster. 
booster did not f'rament. 


383 
S.pe as Round 382. 
Flight appeued t o have been n o d . Spotting charge detonation ocnvrcd a t 61 secs, and 


12498-2873 
fail-safe a t 64.2 sees. 
Rqbzntation completa. 


29 8ep 54 
I 


3 
S y s t u test r 
d 
using a 
Talemtry vu very poor i n this round. 
Ram the data presently available, however, the 


398-n87 
lobif1.d caumnd l l m l t . 
Also, 
round apperred to have been no& 
throughout.. GpottLng charge detonation o c w r e d a t 
I 


29 a p 54 
to tast a 1249B missile 6 
46.2 sees and fail-safe ocnrrred a t 49.5 secs. 
I 


hooetar a t lw tsmwrafure 
1 


t259. 


A GS 17120 guidance section n o used. 


I 
vlth no data applicable on the miss distance. 
I I 


c q u t e r command limit. 
Same am Round 365. 
U~sucCe~#ful 
- Mlsoile control fins bard-over a t eepsration, presumably due to an 
4 


e l e c t r i d bisturbance followed by missile break-up a t 4.4 secs. 
i I 
p o Oct 54 


3 a 
SystU test .gainat a target 
Successful - Direct h i t of the 98-170 drone. A b d h s t warhe& and GS 15660 guidence 


12!49B-2443 
a t 4 a l t 6 intlrauge vith 
section vUe used. 


20 a c t 54 
second derivative d i f i c a t i o n 
t o CCPPUtaT. 
I 


389 
Srstea tamt againat a target 
Successful - Miss distanca 85 it of the QB-17G drone. 
A GS 17120 guidance section n o 


1249B-25s 
a t d a l t h int/range. Cold 
u s d . 
.g oct 54 
t e s t a t t2F0?. 


390 
S y s m teat against a *get 
Successful - Mi#e distance 43 f t of the QB-170 drone. 
GS 17l20 guidance section wns 


u 4 g ~ - n g g 
.t 4 a l t a i n t / ~ e . 
cola 
used. 
I 


2'7 oct 54 
taet a t t25O?. 
I 


391 
&ma as Round 385. 
Successful - Mlse distance 176 It Of the QB-170 drone. 
GS 17120 guidsnce section n o 
j 


1249-2909 
used. 
! 


27 oct 54 
392 
System test .g.inet a target a t 
Successful - 80 applicable data on Idss distance. 
GS 17120 guidance section was used. 


1249bn85 
h/alt b l/range. 
Cold t a m t a t 
3 lar 54 
t15O1 usins a rerimed ccmputar 
- 
- 
c& 
lGt. 
I 
393 
&.. 
u ~ound 392. Use, to 
Unouccessiul - Suetainer motor burn-through a t about 22 seca with structural failure 


1249~-2817 
obtain information on mimsile- 
folloulng. 
1 
10 Aw 54 
booster separation. 
i 


394 
h 
e 
u Round 393; bovever 
The missile flight was satisfactory. 
A t 1-5 secs, booster severed a high voltage line a t i 


12498-28n 
not a cold teat round. 
inpact. C mtation 
tal-tr). 
receiving atations bec- 
inoperative due to the 
I 
10 llw 54 
parer loss. 


395 
Snm as Round 393 vith 
Spotting charge failure. 
I n e t ~ n t a t i o n 
d f u n c t i o n s vhich precluded the receipt of 


12498-2969 
temeratun a t t259. 
umeful in-flight data. 
GS 17lXl guibance section bas ueed. 


10 Am 54- 


' 3 
Syeten b a t .gainst a target 
Hiesile beacon failure a t lift-off. 
hil-safe d e t o ~ t i o n a t 6.18 sees. 
Guidance section 


U?gB-2535 
a t h/alt 6 l/rauge using a 
09 1 
7 
~ 
uls used. 


17 nor 54 
rerlsed ccaputer colrud limit. 


397 
Cold test round a t t15Y a t 
Kiss bistance 83 tt. Spotting charge failure. Abrupt r o l l and instrumentation failure 


l2498-132I 
h / d t 6 Lnt/ranee. 
a t 25 seem. 
Ron racwery a t 26 sees. 
Guibance section GS 15660 urn used. 
17 kov 5b 
3 
Sptu test .gainst a target 
Succeesful - Mlsa dietance 72 ft of the QB-170 drone. 
Guidance section GS 17120 wns 


398-2995 
a t h/dt 6 int/range. 
lud. 


17 nw 54 
399 
Cold tamt round a t t250? a t 
Spotting charge failwe. Mies dietmce 24 it of the QB-170 drone. 
Guidance section 
' 
124ga-pol 
h / d t 6 int/am&b. 
GS 1 7 m vu used. 


17 n w 54 
I 


4.33 
E p t u test .gainst a target 
Spotting charge fallwe. 
Kiss distance 73 f t of the QB-170 drone. 
Guidance section 
1 


l249B-2939 
a t h / d t 6 int/raug~. 
GS 1 7 m urs used. 


17 nor 54 
401 
Cold tbst r 
d 
a t +lSU? a t 
Instrunentation nrlninctions a t 15 secs. 
Erratic AGC, decrealed velocity and tumbling a t 


X?bg~-3W5 
l o v / d t 6 int/range. 
38 sece. 


24 Uw 54 
2 
6pt.n 
.gainst a target 
Succesmful - Me. distance 133 ft of the 98-170 drone. 
Guidsnce section GS 17120 vas 


12498-3019 
a t lw/alt 6 int/rauge. 
u s d . 


24 ROT 54 


I ~ i n n i l e 
NO. 
Test ObJectives 
R-S 
I 
Date Fired 
'403 
Cold tent rmrd a t + 1 
a t 
Approxjmstely 0.4 secs after separation, booster l o s t fins and tumbled. 
Miss distance 


12498-2999 
&/dt ard int/rmge?Alno, 
68 ft of the QB-17G drone. 
24 Nov 54 
to t e s t missile-booster sep- 
aration. 


b 4 
System tent against a target 
Successful - Hiss distanee 51 ft of the QB-17G drone. 
Guidance section GS 17EU vas 
. 


1249B-2819 
a t &/at ard int/range. 
Also 
used. 
24 lJor 5L 
t e s t missile-booster separation. 


405 
System t e s t against a target 
Successful - Hiss distance U2 f t of the F6F drone. 
Burst circuits vere disabled for 


12498-3075 
a t &/at and int/range. 
extended n i g h t i d o m t i o n . 
1 k c 54 
Also, t e s t booster and n i g h t 
t e s t T936 SbA devices. 


426 
Systm t e s t .gainst a target 
Successful - Miss distance 39 it of the S F drone. 


12498.3089 
a t d a l t ard int/rawe. 
1 Dee 54 
'407 
Cold test round a t j25PP a t 
Miss distance ins-ntation 
malfunction. 
Dewed h t c h to i n t e n d missile pwer. 


12498-3109 
h/alt d 
l/r.nge using a re- 


1 Dec 54 
vised c m u t e r c 
d 
1Mt. 


408 
Same as Round W . 
Spotting charge failure. Oscillation of yav fin during dive. 
Rough motor shut-dovn. 


12498-2525 
1 Dee 54 
409 
Cold t e s t round a t +1YF a t 
R'emture s t a r t (during boost) of sustainer motor. 
Rough target traclring in elevation. 


12498-2959 
ncd/dt ard int/r.nge. 
niss distrnce 92 it. 


8 Dec 54 
410 
Systen t e s t wainst a target 
Steering and r o l l oscillation until ll secs vhen missile be- 
unstable. 
Fail-safe 


l249B-3099 
a t &/at hui int/range.- 
a t 38 secs. 


8 Dec 54 
Also, to test T936 SM devicea 


411 
Cold t e s t mwd a t O°F a t W a l t 
Ressure regulator rrmlfunction. 
Sustainer motor did not start. Guidance section 


12kQB-28al 
and llranne unina a revised 
GS 16725 vas used. 
I 
- ,- 
<-,. 
-- 


15 Dee 54 
c&ter 
c ~ - l M t . 


4l2 
System t e s t against a target a t 
Range safety "hold" avitch operated a t 69.5 secs. 
Only limited data obtained. 
Impact 


12498-30P 
h / d t ard l/range using a re- 
a t I& secs, hydraulic o i l supply vas not depleted. 
Guidance section GS 16725 vas used. 


15 Dec 54 
vised c w t e r c 
d 
limit. 


413 
System t e s t against a target 
Structursl failure-caused 
by divergent pitch system oscillation vhich developed 


1249-3093 
a t hfalt ard l/range. 
Also, 
foLlovlng separation. 
Oscillation produced acceleration over-lods resulting in missile 
6 Jan 55 
testing the sound guidance 
structural break-up about 8 secs. 
The VjE6 SbA devices armed properly. 
and hydraulic oil. 
414 
Same u Round 413. 
Missile performance appeared to havc been satisfactory. 
Round achieved intercept. Mlsn 


l249B-3088 
distance vas 128 it. Losd cell and hydraulic o i l usage data n r e obtained. 
6 Jan 55 
415 
~ystem t e s t against a target 
Missile achieved intercept a t the space point. 
Miss distance 73 It. Hiasile perfo-ce 


~ P ~ Q B - ~ W O a t h / d t and l/m~me. Also, 
vas sntiafactorv. 
bad c e l l ard h~x%mulic o i l usage data vere obtained. 
- ,- 
+-.- 
-~ 


6 an 55 
to &st h&& 
o i l usage: 
416 
System t e s t against target a t 
Achieved space point intercept. 
Missdistance vas 51 ft. The radar tranemltter van 


12hQB-26 
hlalt and I/-e. 
Also. 
cut off a t 130 secs vlth no indication of hydraulic o i l depletion a t that t h e . 
I 
- , 
- + - , 
- 
-, - - 
- 


18 Jan 55 
testing th; Go& 
gui&ce 


equirment. 


417 
Same as Round 416. 
Unauccesstul - Roll system malfunction resulted in loss of r o l l control. It van not 


12498-3102 
understood uhy during turnover a 6 cps oscillation vns evident i n all 3 control systum. 


12498-30& 
supply vas depleted, a t 145 secs, on entering the ballistic trajectory. 
18 Jan 55 


System t e s t against target a t 
Round succesahLLly achieved interceptvith the F6F drone. 
Hiss distance van 45 it. 


1249~-3098 
ned/dt and an int/range. 
~t intercept a low order spotting charge detonation occurred. 
9 ~ e b 
55 
~ l s o , testing ground guidance 
and hydraulic o i l supply. 


1 LX, 
Svstem t e s t mainat tarcet a t 
Round unsuccessful - Round unauccesstul because of loss of nissile-radar contact a t 


12498-2950 
&/zt ard =range. 
-Also, 
lift-off, due to beacon receiver malfunction. 
Fail-safe occurred a t 3.85 secs. 
Cast 
16 ~ e b 
55 
testing the ground guidance. 
main fin attach fitting proved satisfactory. Secondary objective data vas obtained. 
421 
same u Round 420. 
Round successtully achieved intercept vith F6F drone target. 
Ydss distance vas 81 f t . 


12498-3076 
bunching r a i l F-146, vhich hd been painted, shoved no effects frm the booster blast 
16 Feb 55 
but the m i l had been scraped clean the complete length of the nil by the booster lug. 


k22 
as Round 420 - vith no 
Round successfully achieved intercept vlth the F6F drone, although the spotting charge 


12498-4203 
necondvy obJectires. 
detonation did not occur. 
H s s distance van 121 ft. A booster f i n vns lost folloving 


16 ~ e b 
55 
sewation. 


423 
Same as Round *20. 
Round uuccesstully achieved intercept vlth the F6F dmne target. 
Miss distance van 


1249B-41g 
43 it. Plight p r f o m c e appeared satisfactory on this u n i n s t m n t e d mund. 
A lov 


i l6 Feb 55 


order spotting chsrge detonation occurred a t burst. 
The booster blast h d no apparent 
effect on r a i l F-153 but the r a i l vas scrap3 to bare ntsl the vldth of the bearing 
surface on the booster lugs and the full length of the nil. 
System teat 
inst target a t 
Although this round achieved intercept vlth the s-ted 
high speed meuvering target, 


::98-3105 
h / d t and inTrmge using a 
a large miss occurred because of reduced nissile meuverability resulting from a 
16 Feb 55 
m i a e d crrnputer canmmi linit. 
motor burning duration of oply about 10 secs. 
An a result,nnch 
number a t intercept bas 
about 1.2 i n s t e d of 2.4Jreducing missile m u v e r a b i l i t y by a factor of 4 to 1. At 
intercept, a lov order swtting charge detonation occurred. 


L25 
Sam M R o u d 424. also test- 
Round successfullv achieved intercept. 
Mlss distance vas 81 feet. 
The missile and 
- - - 


1&~-4219 
ing the- 
heatingiiaket. 
heating blanket iocated on the sid<rails a t the nrrmber 1 checkout position during this 
23 Feb 55 
launchiw shoved no effect of the booster blast. 


426 
System t e s t against target a t 
Round successtully achieved intercept. 
Misa dirtance vns 109 Pt. 
Missile vns programed 


1249B-2980 
h / d t and l/range using a re- 
s t t e r intercept until 159 secs vhen the missile r d a r transmitter vas turned off to 
23 Feb 55 
vised c q u t e r c 
d 
l i m i t . 
initiate fail-safe destruction. 
mere van no evidence of loss of control due to 
depletion of the hydraulic o i l supply. 
. 


m s s i l e No. 
Test Objectives 
Date Fired 


23 yeb 55 
d i f i e d comund limit. Alsc, 
of fail-safe, 130 sees, hydraulic o i l supply had n o t b e a depleted. 


lov temperature t e s t -109. 


428 
%me as R 
d 
4E7 with 
Unsuccessiul - A ponr p h t ~ c t i o n 
terminated the useful portion of satisfactory 


l249B-24X 
temperature a t - 5 9 . 
flight, no other components appeared t o have been affected adversely by the h 


23 Peb 55 
temprature conditioning. 
?bere vas M evidence of m t o r s t a r t u n t i l 8.1 secs. k i n g 
the booat phase of the fliaht the boostar chamber p r e s w e gauge vas inoperative. 


@9 
Ssme as Round 427 vlth 
Unsuccessful - The programer vas inadvertently started a t the f i r e s i m rather than 


~ 4 9 ~ - 3 0 9 7 
temperature a t -25DP. 
a t the burst s i W . This moulted in a 7g turn order being issued t o the missile about 
9 W 55 
1 sec. 
The steering f i n s bottonrd i n reaponae t o this copmsrrd and initiated 
transient 


vhich caused excessive aCCelerUtiOM and resultad i n missile structural failure a t 2.8 
seca. 
Kiasile and booater ippacted a in hundred yards behind launcher. 


430 
S m e a8 Round 429. 
Also, 
Round completely successtul and all t e s t objectives vere met. 
Only range miss distance 


l249B-3014 
testing tvD 81654U inertia 
vaa available because clouds preventad optical meaauremcnt of the azlnuth and e l e n t i o n 


9 
55 
8vltche8. 
miss. 
The urgency of the lov tenperature aspect of the t e s t necessitated firing under 
cloudy conditions. 
Flight vas termlnat.4 a t 135 secs by fail-safe. 
Both inertia 


svitches d . 


431 
Sam as Round 429. 
Also, 
Unsuccessful - The missile sustainer notor did not start. A. a result, missile velocity 


12L9B-2996 
vith aecond derivative 
vas very h 
and the missile vas incapable of executing cmputer orders. 


16 k r 55 
nodification t o computer. 


432 
h 
a s R o d 431. 
This round vas satisfactory i n all respects. 
Hwever, a solid cloud cover obscured 


12&9~-3030 
intercept, thus preventing determination of miss distance. Flight van t e r m i ~ t e d by 


16 Har 55 
no- 
fail-safe missile destruction a t 132 secs vlth no indication of h f l r a d i c o i l 


depletion. 


33 
Sam as Round 31. 
Also 
Successful - Spotting charge burst vas a t 2 seca. 
The flight a s t e l r m i ~ t e d by n o d 


Llrp-3026 
testing tvo 8125444 i n e r h a 
fail-safe missile destruction a t 141 ~ e c s . ~ 
Telcmetq indicated proper m n g of the 
23 ~ a r 
55 
8vltchea. 
inertia rvitches. 
The painted guide nil shoved no effect of boost b h s t a f t e r hunch 
but minor damage due to scraping of the booster lugs vas evident. 


t34 
Same as Round 431. 
Unnuccesnml - m s s i l e sustainer motor did not start. 
Resultant lw velocity caused 


1249B-4213 
loss of missile control prior t o intercept. 
Telemtry records and e x a p i ~ t i o n of the 
23 Har 55 
vreckage M i u t e d that, although the a i r regulator release mechanism had actuated the 
inertia urn in the a l r , regulator failed t o operate. 
Control vas essentially l o s t a t 
44.5 secs; spotting charge burst vas a t 63 secs; fail-safe a t 94.8 secs. 


435 
Systen t e s t against target a t 
sat is factor^ i n a l l t e s t respects. 
Miss distance vas 81 f t . After intercent missile 


1249~-4252 
h j l l t and int]ranse. 
Aiso. 
%a8 p r o p i c o n t m l l e d unti1'164 secs when the radar &smitter 
MS turned'offy- 


6 Apr 55 
tenting the wound w i d a x e . 


36 
Sana M Round 435. 
Satisfactory i n all t e s t respects. 
Miss distance vas 67 f t . After i n t e r c e ~ t missile 


l249B-442 
w ~ r 0 - b controlled untilradar-beacon contact -8 
l o a t a t 142.6 ecca. i o d-c 
to 
- 
~ 
- 
- 
- 
- 
~~ .-- -- 


6 ~ i r 
55 
the k s i i l e heating blanket installed on the missile vas evident a f t e r launch. 


37 
Syaten test 
inst target a t 
Satisfactory i n a l l t e s t respects. 
Hiss distance vas 1 it. Missile vas progrs. 


h49B-42% 
h/alt and in?-e 
using a 
controlled u n t i l 149 secs when the - 
transmitter d 8 t u r n e d off. 
6 Apr 55 
revised computer c- 
l i m i t . 


438 
Same as Round 437. 
Satisfactory - Iionver, no miss distance vas available i n azimth or elevation because 


1249B-4222 
of poor quality of the target boresight film a t the time of burst. 
All t e s t resoects 


6 Apr 55 
vere satisfactory. 


39 
System t e s t 
ainst target a t 
Miss distance vas 
it. An unexplained disturbance i n the target tracking modulator 


E ~ ~ - 4 7 2 3 h / d t and inyrange. 
~ l s o . 
imput roltages a t :!6 
eecs caused h 
r 
steering error perturbations. 
mese i n turn, 
13 Apr 55 
testing the ground guidance. 
caused premature "on trajecton" avitchtng and the entire n i g h t vas under control of the 
steering c-ter. 
everth he leis, the 8te;ring problem vas eoived satisfactorily 
intercept ras achieved. 
The missile w f l o n past intercept vlth a t o t a l flight time 
of about 103 secs vlth no evidence of loss of hydraulic oil. 
mere vas no a p s r e n t 
. - 
damage t o the heating b-et 
installed on the ioading rack. 
Same a s Round 439. 
Miss distance van 41 it. Sustaincr motor performance on t h i s round vas abnormal. 
At 5.5 
2 9 9 - 4 1 9 1 
sees regulated a i r pressure started dropping, about 8 sees pressure started rising. 
Pol- 


13 Apr 55 
loving t h i s time thcre vas a d u a l d e & a s e i n pressure &ti1 motor burnout a t 29 sees. 
I b t o r - ~ e r 
pressure shoved-similar fluctuationb. 
Loss of control a t 109 secs Ldicatn: 


depletion of the hydraulic o i l supply. 
'441 
h 
e 
a s Round 439. 
Unsuccessful because of a nustainer m t o r &function 
which resulted i n low missile 


1249-4451 
velocity and loss of control a t about & secs. 
This missile w uninstrrrmented. 
Plsmc 


13 A P ~ 
55 
vas visible u n t i l 9.6 secs, a t which time an explosion occurred. 
Control a s regained 
and missile proceeded t o intercept the target, hovever, a t 40 secs controlvas l o s t and 
the missile +ambled. 


'G12 
Same a s Rcwd 439. 
Satisfactory i n all t e s t respects. 
Miss distance vas 99 it. This missile vas programed 


1249B-4335 
after intercept vith a flight time of about 197 secs before the radar transmitter vas 


13 APT 55 
turned off. 
b r i n g the promwmed l e f t turn the control system did not oscillate. 
??lie 


vas a s expected vith the ~ ~ ~ 1 6 7 2 5 
guidance package. 


I 4 3 
Same as Round 439. 
Sati8factoI-Y i n all t e s t respects. 
Vfss distance vas 107 It. This round vas progr-ed 
I249B-4189 
after intercept vlth a t o t a l n i g h t tiPC of 166 secs. 
The trajector, indicated that the 
13 A P ~ 
55 
hydraulic o i l supply vas depleted a t about 135 secs. 
During the p r o g r a e d turn the 
missile AGC trace shored a decidedly oscillatory characteristic. 
t41, 
Same a s Round 439. 
Satisfactory in all t e s t respects. 
Miss distance vas 81 f t . 
T o t d f l i g h t t h e about 


12493-4190 
144 secs. 
IrdiCation of loss of hydraulic oil, as evidenced by failure t o respond t o 
13 Apr 55 
orders and loss of r o l l control. a t 98.5 aecs. hrrinn l e f t &. a 4.5 c ~ s 
os&lat:on 


developnl. 
Control vas ~+¶lntained b& steering f i n d;flections "ere aboui +10 de=ees 


Md the missile rolled a s far an 30° hra the stabilization point. 


System tea 
l n s t target a t 
s ac ry - 
s s 
s 
ce vas M ava 
e ecause 
e spa 
ng c 
ge 
no 


%9B-4214 
h/alt CA EnT-e 
usFng a 
Z c t e ? Tele%yd:e%s 
indicated ed?hebspotti$chmg:":nert~avi~f~ 
d i i not 
13 Apr 55 
revised c m t e r c a m a d 
operate a t lift-off. 
Total n i g h t time vas 147 secs vlth no indication of l o s s of 
limit. 
hydraulic oil. 
This missile contained a GS 16725 guidance package with the reoriented 
rate -0s 
and did not osciIlate during the p r o g r d turn a i t c r intercept a s vas 


Missile No. 
Test Objectives 
R-ks 


Date Fired 
4& 
Same as Round 445. 
Satisfnctory in all test respects. Miss distance vas 139 it. buncher deflection data 


3 !~hoa-L?hs 
were obtained. A. in F u n d 445, the launchina rail used shoved only minor scratches on 
- . ,- 
. , . 
13 Apr 55 
the pninted surface as a r e d - of the scraping of the booster lugs. 


447 
SaM as Round 445. 
Satisfactory - Miss distance vas 217 it. At 39.4 secs there vaa a momentary loss of 


3249~-4347 
beacon return sipnl ncconpsnied by a loss of nu-tic 
trncking. According to the 
13 AD^ 55 
records this did not obviously nffect the systan p r f o m c e , it m y have contributed 
. . 
to the large miss distance. 


System test 
inst target at 
Miss distance vas 3 it. At 
secs, 
secs after intercept, the missile AGC record 


4 
h 
t 
5 
i 
n 
. 
Also 
dropped nbout 2Mbt then cOnt~ued 
to : 
, 
. 
At 63 LS 
the beacon return signal vas 
1 


13 A m 55 
testing the ground guidance. 
lost d 
the radar vent out of autamatic track. 
449 
%me as Round 448. 
Satisfactory - Miss distance vas 91 it. Missile rndu contact w lost about 1'4 
secs. 
, 


1249B-4754 
The operating pattern poduhtor on the missile rod= vas obscured because of the biased 
13 A P ~ 
55 
trajectory md subsequent missile -ling. 
There vas no evidence of loss of hydraulic 
oil. 


350 
SaM as Round 448. 
Satisfactory in n l l test respects. Miss distance vas 30 ft. Total flight tlme of 123 


3249B-1291 
secs vith no indication of loss of hydraulic oil. 
19 AD^ 55 
451 
Same as Round W3. Also, 
Satisfactory in n l l test respects. Mias distance vas 62 it. The frangible bwater, 


1249B-4202 
testing the T9m ShA device 
T&3, 
performMce van satisfactory in all respects. The end-of-booat velocity vas 20'4 


19 ~ p r 
55 
5 
T U E ~ 
booster. 
feet per sec. At I25 sacs the hydraulic oil supply n s depleted. Missile mnsuver vas 
accmlished even in the presence of a 5 cps oscillation. A l l T93FT ShA devices m u d 
and ditonated properly. 


452 
a 
as Round 451. 
Unsuccessful - Missile roll controlvas abnormal both during the roll stabilization 


1249B-4192 
transient folloving separation and during the last 2 sees prior to intercept. Steering 


19 Apr 55 
nnd roll control vere iost cmletely imediately folloving intercept. 


453 
System test against target at 
Satisfactory - Miss distance van not available at the first intercept because the spot- 


1249~-4437 
h/nlt 5 
l/range. 
ting cbsrge did not detonate. Telemetry indicated that the spotting chnrge inertia 
. 
. 


1 25 k v 55 
' 
switch did not nam at lift-off. TOM 
nigbt t h e van 217 seca. m e oil supply vas not 
depleted at this t i M indicating that the reduction of the buzz voltage accaiiliahed its 
purpose. Telemetry indicated that the booster eable broke before the separation re* 
omrated. 


454 
Same as Round 453. 
Satisfactory - Miss distance w 127 ft. Intercept %as achieved at both intercept points, 


1249-4438 
Loss of missile control at171 aecl indicated depletion of the hydraulic oil supply. 
25 Ehy 55 
459 
Same M Round 451. 
Satisfactory - Misa distance was not available, becauae of the poor quality of the fih. 
~- 
~ 
~~ 
-- 
r&~-4688 
A satisfactbry second intercept vas not achieved because the hydraulic oil- supply n s 
25 hhy 55 
depleted at 132 sees-about 6 secs before intercept. 
4 
System test ngainst target at 
Satisfactory - Miss distance vas W it. Data were obtained at the second intercept point 


1279B-4654 
med/nlt and int/ranse under 
for use in wnlunting missile stability and control at velocities close to a lhch number 


15 ~ u n 
55 
l w m c h riders. 
of 1.0. 
The hydrnulic oil supply nn exhnusted at 98.5 seca, less t h m one see after the 
second intercept. The paint on the test launching rail was badly s c r a m at launch. 


45l 
SaM as R o d 4%. 
Satisfactory - M s s distance vas 61 it. There were several slight noise periods in the 


1249~4667 
cmputer operation. Stability 5 
control data vere obtained on the second intercepts. 


15 Jun 55 
458 
Sane M Round 456. 
Satisfactory - Miss distance van 78 ft. The second intercept vas not achieved success- 


3249B-4704 
fully because the hydraulic oil supply van depleted at 1-4 (lll sees). The tufted 


15 Jun 55 
bwster fin inahentation continued to show a reverse flow phenomenon across the 
booster fin. Post firing obserration shoved that the psint on the.launching rail van 
badly scraped by the bwiter lugs duriw launch. 


459 
%me M Round 456. 
Satisfactory - Miss diatance vaa 64 ft. Although the second intercept n s achieved, 


1249B-3025 
stability and control data were not obtained because telemetry trnnamission ceased at 


15 jun-55- 
63 seca.. The rmint on the test launching rail was badly sera& 
at launch. 
460 
System test at 
speed, 
nlt 
Satisfactory - Miss distance vas not available, because of a low order spotting charge 


1249~4695 
and l/rnue. Uyo, to teyt the 
detonation. Test objectives for the second intercept were not achieved because the 
I 


22 Jun 5-5- 
in-flight-opcratiohs of track- 
hydrnulic oil supply vas depleted at 1X) secs. The pyrotechnic m 
e 
m a not visible 


ing ilare n d to evnlunte it as 
on the boresight film. 
in aid to boresight trncking 
data. 


461 
To test for system acnurcy 
Satisfactory - Miss distance nn 65 ft. Missile radar tracking perturbations were 


1249~-5243 
against h/speed, h/nlt target 
observed about 2 aecs before intercept accampanied by a drop in beacon receiver signal 


22 Jun 55 
at l/range. 
strength of &out 2 M b but aystan perfonfence did not appenr to be affected. Ihrring the 
glide portion of the flight a low amplitude 2 cps oscillation existed in the yav system. 
At 160 secs the hydraulic oil mpply vas exhausted. 
462 
%me as Rowh3 461. 
Satisfactory - Miss dishnce van 33 ft. m e second interceptvas not successful because 


1249B-4443 
t h hydrnulic oil supply van depleted at 117 secs. 


29 Jun 55 
463 
Ssme as Round 461. 
Satisfactory - Second intercept provided valuable control data. bunching rail nnd 


l249B- 5 2 l l 
launcher load cell data were obtained together vith Fastax pictures of the booster blast. 


29 jun-55 
The d i f i e d launching rail front support functioned normaliy. Honver, the springs of 
the mwlhave noticeably fatigued vith each additional launching. 
464 
SaM as Round 461. 
SatisfactW - Miss distance vas 53 ft. Second intercept n a executed providing 


1 1249B-5255 
vnlunble control data. 


29 Jun 55 
465 
%me as Round 461. 
Satisfactory \Miss distance vas 101 ft. Satisfactory data were not achieved at the 


1249B-41*40 
semrdary intercept Pint. Ihe hydraulic oil supply vas depleted at I25 sees (before the 
29 Jun 55 
intercept n s attained). Post firing examination revenled only slight scraping of the 
painted launching rail. 


466 
Investigated the seemingly 
Satisfactory - Miss distance nn 33 it. Nothing n s noted that could be correlated vith 


12498-1586 
abnormal incidence of d- 
the Red Canyon Range Camp flight test results. 


13 Jul 55 
functions within a group of 
missiles being flovn at Red Canyon 


OuM NO. 
lisaile No. 
Teot ObJectiveo 
Remarks 
-- 
a t e Fired 
b7 
Sanr ao Round 466. 
Satisfactory - Miss distance van 66 it. h e r e were tvo minor disturbances during t h i s 


249-1974 
f l i g h t that could have cauoed f l i g h t termination i f their severity had been of greater 


3 Jul 55 
nsnitude. 
At 17.5 secs a mmentcoy XXI volt short occurred. 
Beacon contact vas 


intermittent durins the four secs. *diatelY 
nrior to intercept. 
Thus. these could 
be indications of the cause of 0- 
flight f a i l k s a t Red Cenyon. 
The painted 


hunching r a i l suffered onlymlmr d m w e from the scraping of the booster lugs. 


a 8 
Same a. Round 466. 
UnsuecessM - This van profitable, hwever, i n that a maliunction which could be 
249-1714 
correlated vith those experienced a t Red Cnnyon occurred during the end game. 
At 


.3 Jul 55 
49.6 aeco (1-2.3 secs), a -lW volt short occurred. 
This produced hardover control 
surfaces and the resultant excessive angle of attack caused missile strvctural failure 
and loss of beacon s 
i 
d 
a t 50 secs. 
R i o r t o the time of the d f u n c t i o n the combwds 


hai ;it bottaOdl even-though intercept had almost been achieved. 
6 9 
Same as Round 4-56. 
Satisiactory intercept v i t h a System Test Set Generated Target (vith large tracking 


249-1972 
MiOe added). 
Rothing unususl vaa ~ t e d 
during the flight. 


J Jul 55 
170 
Same rn Round 466. 
Unsuccessful - Wtunction, s i n i l a r to that observed i n R o u n d 468, caused loss of beacon 


~249-1898 
contact and missile control Jumt prior t o intercept. 
A t 47.5 secs to 48.3 secs inter- 


.3 Jul 55 
mittent -100 volt short0 occurred. 
Infornutive emulnation of the recovered guidance 
section van iraDossible because of its damaged condition. 


171 
Same a0 Round 466. 
Satisfactory - Hiss distances vere 60 it ard 51 it respectively. 
R i o r to lift-off, 


~2498-1982 
a noisy vibrator vas evident. 
A lor amplitude 2 cps oscillation exlsted i n the pitch 


Y J u l 55 
system during the glide portion of the flight. 


b72 
Same a s Round 466. 
Satisfactory - Miss distance n s 148 f t and 210 it respectively. 
During the end-game 


L249B-1864 
preceding each intercept, -ntary 
f i n signal shorto occurred producing hardover control 


2 J u l 5 5 
surfaces and mismile acceleration perturbations vhich w h v e contributed to the larger 
thsn n o d position difference vhen cmpared v i t h the other RCRC rounds fired by the 
contractors. 


b7 3 
Sum a s Fbund 466. 
Satlofactory - Wen distances 107 f t and 152 it respectively. 
he bydraulic o i l supply 


L249B-1791 
n a depleted a t 85 oecs M i a t e l y follwing the second intercept. 


?7 J U ~ 55 
+74 
Obtain system a c c w c y data 
Successful - An a b n o d trajectory van folloved i n achieving intercept. 
"on-trajectory" 


L249B-5121 
ainot target a t Icd/alt aod 
svitching occurred early causing missile t o reach a p e a altitude about 10,005 It higher 
than the n o d traJectory t o the intercept and the flight path angle a t intercept vas 
-35' 
rather thsn -20°. 
Although the second intercept van sitisfactorily achieved a t 
126 secs, no data rere obtained because telemtry transmission n s terminated a t 60 sccs. 
about 15 secs before the f i r s t intercept. 
At lift-off the hydraulic bayonet did not 
latch dovn due t o a broken spring cable. 
No d w e t o the bayonet van sustained. 
The 


T93E7 SbA device armed oatiafactorily but detonation n s not observed due t o loss of 
telemetry a t 60 secs. 


47 5 
Fame a s Round 474. 
' 
Successful - The switching t m s i e n t due to target a W t o r operation vas also evident 


L249B-5231 
on t h i s round. 
Rowever, the svitching did not occur u n t i l 25.5 secs vhen the computer 


3 Aus 55 
van i n the "steering phase" and the resultant perturbations had only a suull effect 
on the orders. 
The second intercept was not achieved. 


476 
Bsmc u Round 474. 
Successful - No miss distance available because of insufricient IGOR coverage due to 


12498-4732 
internittent cloud cover. 
"On-trq)ectoryW svitching agaln occurred early. 
Effect on 


? An* 55 
tralectorv bas verv sinilar. Second intercent van not achieved because of losa of 
> ..- 
<, 
misiile-rhar contict. 
hn 
Obtain system accuracy data 
Unsuccessful - Missile control vas l o s t a t about 35 secs frm l i f t - o f f preventing the 


1249-5123 
against h/speed W a l t target 
miosile frop engagiw either target i n a n o d msMer and from executing the pro- 


10 AW 55 
a t uraoge. 
gr& 
c 
d 
s 
. 
G o d load c e l l data and photographic coverage of the blast area r e r e 


rewrted. 


k 8 
Obtain system accuracy dats 
Unsuccessful -Due to a structural f a i l w e induced by control system instability durixg 


12493-5124 
againot h/speed, h/alt target 
boost. 
At lift-off the 6 cpo structural bending oscillation observed on most rounds 
31 Aug 55 
a t I/-=. 
Also t o obtain 
vao excited t o a mch larger amplitude thsn noted on previous r o d s . ?his round van 


shock and vibration i n f o r a - 
launched v i t h a b l a s t deflector (DYO 3591222) installed. 
PhotoEraphic coverage shoved 


tion. 
that the b l a s t vao deflected upvard along the booster and missile with an apprcciafile 
velocity (eotiuuted a s high a0 500 it p r sec). ~t appared that the rmde of control 
system uperation van unotable a t oonic velocitieo. 
Scorching of paint and wire b d l e s 


on the l k c h e r substantiated the effect of the b l a s t deflector. 


h 9 
as Round 477. 
SuccessW - Miss distance a t the f i r r t intercept van 70 it. Satisfactory pressure data 


1249~- 
5126 
vere obtained for evaluating the fired probe accuracy as a function of mach number and 
14 Ser, 55 
angle of attack. 
The four 'I937 S M devices armed and detonated properly. 
Same rn Round 478. 
Unsuccessful - The suotainer w t o r did not operate. 
Missile control vas l o s t a t about 


1249B-5136 
45 seco. 
The shock and vibration.o~_thio round.8~ a vhole, vas not representative of n 


28 Sep 55 
n o d round, but the data could be considered representative of n o d flight 
envirowent after motor shut d m . 


System accuracy t e s t a t 
Satisfactory, both intercepts. Reaswe data vere obtained for the evaluation of the 


29B-5161 
hfoped, h/alt and l/range 
fixed probe. 
The WE2 SkA deviceo armed aod detorated properly. 
?he frangible 


5 OCt 55 
uoing a VW #30 booster, 
booster appeared t o operate satisfactorily. 
D e t o ~ t i o n occurred about 7 sees a f t e r 


SM dcricr and a 
meparation. 


Tb8F3 Jr+a 


m2 
Test for system a c c w c y 
Satisfactory, both intercepts. 
Satisfactory results rere obtained i n the break-away 


1249B-5234 
against the tvo target0 k 
cable test. 
Dne of the WE2 SbA devicc8,vhich 
had been subJected t o transportation 
5 Oct 55 
determine the effect of c 
d 
vibration.anned about 0.1 sec late. All of the mechaniens detonated properly. 


linit on systcr accuracy. 
Abg 


to t e a t the mound equirP.cnt. 


l a 3 
Obtain system accuracy data 
Unsuccessful - The sustainer w t o r did not operate. 
h e r plant instru!nentation data 


1249% 5237 
inat Icd/alt target a t 
and recovery evidence indicated that the overboard a i r dump on the a i r pressure 


range using a UlIP #33 booster 
re-tor 
valve remined opn. 
The operation of the f r a ~ 8 i b l e booster and WP2 S.4 
19 Oct 55 
k WE2 ShA device. 
device vas satisfactory. 


,. 
,w*k- 


* 


-. . - 
e ~ a u r a 
Of -l+?. 


Gue u ~ o u d - w b b u t vlth 
Bucceaaful - War dimt.nce uu 32 ft. Amin 1- 
mpviw tmmieut ordorm w r e 1rru.d 


z9B-%51 
t u p e n W ~ 
a t OOP. 
by th. m t e r a t 22 ud 27.5 mecm u a reault of errarm in the data m ~ s t u 
of the 


2 nor 55 
g r a d (plld.nce quipmnt. 
l t m ha interceptm &ad 
for in thim test a# 
to ba 


i n w t i b l e in that an appracirble ~1i.b 
l m mqultd k t w e n t& 
tro intumtm. Am a 


remult of thlm el-, 
the riamile mloclty deaeuad to ~ c h 
an extant that contml n 
m 


lomt wlor to tba eecorrb interce~t. a t about l23 reom. 
Ih. h a T90g 6M d.rlcel uad 
- - 
bte,-but detonated propru. 


489 
& b i n .hock ud ribntion 
9.timfwtorg, both interceptm - Waa dimtmee ru not available u there n 
m 
no a p t - 


1219B-5141 
inforntion h data for opti- 
ting ehuge aboard the r i m m i l e . 
Except for mbort p.riodr sf wime, the m-m 
fibration 


g Aov 55 
rimtion of e 
d 
llalt. 
data a p p d good. 
Order. n r e n o l q during the mad-- 
tor the 08 17189 Ampllfie1 


Almo, evaluate the 08 17189 
Decoder. 
At 8'f mecm, the crrplter 1mnu.b mpuloum ordum m l a l k r to thome obmenad 04 


Amllfler decaler. 
nnvloum M 
m 
. 
Ibe f w EOE? BLA devices uad vlth tolermce, but did wt b a t e 
- -- -. 
-. 
. -. . . 
-. 
. 
. 
Ltil the aecomi intarcept. . 


489 
Suns am Round a. 
Wiunction on firmt intercept-aecd 
intercept achieved. 
Although Loam of control a t 


K'bm-%52 
1-5 mece pneluded a t t . i m n t of the i i r m t intercept, contmlnm h t e r regained mnd 


l6 Nor 55 
bta received a t t& m e e d intercept. 
A t about 11 mecm a t 2 ~ 1 
rolt loding occwrmd, 


producing h u d m r urntml nui.ce deflections. 
the r o l w fluct\utlolu dim- 


smeared. Uu riamile'achleved the mecond intercept ud urntimed to mapad to the 
-- 
. 
progmmd lift order until 178 seem. 
w 
0bt.rs ah& md ribration 
htimhctory, both interppts- 
Fl4 records w r e obtained for uae in the mhock ud 


12498-5133 
data. 
m o , tent a DACdemlped v l b r r t i ~ 
ud flwd probe s t u d i z !:e 
three WE? 
8U devlcem uad properly but 


l6 A m 55 
Ziwd probe. 
a p p ~ n t l y 
the e m i r w n t . l l y expmed.unit failed to d e t n ~ t 0 . Ibim unnot be nub- 


mt.ntirtcd u the mecoad interCopt ru r(pinet @ gmu~d tupt, readoring rmcmry 


7 Dec 55 
95 
Gue aa Round 4 
vlth 
htimfactoy - First md aecond intercept. m m achiewd, but depletion of the bydndlc 


LgB-se60 
w r a t w a t z59. 
o i l ~ p p l q 
a t 
mecm pncludad a t t a i n ~ n t 
of the third Lntercept. 


l'b Dee 55 


8y.h rcnurcy temt -inat 
&timhctorily achieved Intercept vith tha @ dnne tugat. Wms dimbce v~ 50 ttr 


~%~-5860 
a high perf-ce 
tugat. 
A w h u d burnt u u ordered ud eucutcd about b2.9 mecm. 
The dmne ul. hit b~ m 
t 
m 


l'b Dec 55 
.nd net aflra; it entered an uncontrollable ~ m r 
dire -at 
irediately. 


4 
B y s b acnurcy t e m t . g . i n m t 
htimhctoly - Intercept d i t i o n a w n achieved vlth both tha qimul4ted h i .mp& 


12qgB-6139 
h/mp.d t u g e t a t h/alt ud I/ 
mauvering t u g a t ud the spce pint tugat, 
) I I m m d1mt.n- ru $04 ft a t $8 
tirat 


l6 Dec 55 
m. 
m o , to obtain data 
intercept. ICufowce of the b h r t Yamtern L1ectrlc mm 
ums aatlmhctol7. 


for the optlalutlon of the 
Dlrprslon - 
th. gylom, attar cmpletion of the tvo Inteycepta. n a lama tP.n 2: 


c 
d 
lmt ud to t e n t h 


Weetern W c t r l c roU -t 


Wmrila no. 
%st objsctins 
~ . u k n 
nt. n r e d 
324 
a8 
W. 
hti8f.etoy - First i n t e r c a p t n s .bout 43 secs. 
Spotting chug* datarution bid not 


1 2 4 9 ~ ~ 6 ~ 
O C w . 
mi*# dim-C. 
a t tho tln Of i n w d burrt .\8 74 ft. 


27 F*b 56 
contact k w i n t e a t t a u t a t 65 secn ud a ccuplnte lonn of bacon return 
70 8ecr. 


525 
&me u Rwnd 522 a t h/r8nge. 
Satisfactory - Has d i 8 t . n ~ a t flr8t intercept vu 90 tC. 


13hOFb5221 
- 
. , 
- - -- 


28 Feb 56 
526 
Suos a8 Round 522. 
Satinfactom - Miss diotance a t f i r r t intarcwt vu 128 it. After the f i r s t intercmt. 


i 2 4 9 ~ - ~ 4 3 
misails &con 
return level began to ~e 
n l w ~ 
until caplete 108. of -con 
m G . . 


28 Peb 56 
Pail-safe occurred after n o d d e w . 


527 
Syatem a c w a c y t e s t .gafnst 
Bigbly satisfactory - Miss distance n s 69 it. Inmediate4 folhving detonation of the 
12t9~4h.70 
high-perfo~'.~ce 
target a t -BO. spotfiirg 
the mirsile 6 - d & y s i c u contact v i a the &one. 
~ 0 t h 
rinnile 


28 Peb 56 
Alro, Qdraulic Air Tank h o i l 
ud &OM 
wst demtrayed by the l a p c t . 


uresaures telcmctered. 


528 
S y s t a accuracy t e s t .gainst 
Satisfactory - Miss dimtance a t f i r s t intercept n 8 82 it. 


3249B-5273 
h/rpnd target. 
AlnO, to 


29 Peb 56 
obtain data for the opti- 
mization of the c 
d 
l i m i t 
Same as Round 528. 
Also, to 
Satisfactory all intercept. - Miss distance a t f i r o t i n t e r c e p t w p!3 it. 


investigate the effect of M 8 e 
on received signAl strenEth a t 
the mlmsile h to test CS 17189 
. . 


b l i f i e r Decoder. 
Investigate the effect of ad- 
Unsucceosful - To the ertent tht the rissile responded no- 
t o a p m g r m step 
verse control system component 
c 
d 
a t the initiation of the dive, the objective vu p r t l y attained; but the test 


tolerance8 on contml nystem 
n a largely imslidatod due to tba mrtainer m t o r rhut d m .ttcr only 3 sec8 of 
stability. 
o p n t i o n . The high r c h mnber vu not exprience3, due to the a l p e r f o m c e of tha 
proplrlmion rysta. 
With the abw- 
lov mi88ile n l o c i t y the inccPing nynthetic 


t u g s t ru ipt4rscptd a t a r8nge of 28,000 ydn. 
The miss distmce vu 35 ft. Minnile 


velociQ vu too l w to achieve the 8econd intercept. 
AorPrl fail-8afe action vu a t 
104 see.. 


Rototyp test a t Walt for 
Objective of the mund vu achieved wen though fllght n s terminatad e u l y because of 
a missile-borne progrmmer 
a delayed suntrlner w t o r 8tlrt. The lw velocity maultea in a tighter turn tb.n lwl 


designed for une in llEE B. 
been expcted during the prognaw3 d i n vith ground l a p c t occurring a t 47 secq.bout 
20 secs s u l l e r tb.n predicted. 
lihety per cent of the 
lwl been eneutod before 


g r m d W C t . Special misnile pmpaiation for this mund included a DAC deligned 
internal momamaer (4185241211 vbich vu locatd on the a f t brLlart plate ud vu 
actimtcdby-the nepiintion kt.&. R-r 
operation during thdperiod n r u t i n - 


factory and the ~romnmur has been desrd suitable for use ln NIKE B flightr. 


Pmvide a flight demn- 
Succeosful - ?light perfomnce n 8 utilfactary. 
Although the w t o r chamber p r e r m 


3249B-8951 
mtration after lw-teaupen+am 
gage did not operate, the ti.c of flight ud povsr p h t a i r presnure instnncntation 


14 Sun 56 
erporun -49O. 
idicated no- 
suntainer w t o r opration. l o d i n g of the 4.5 volt httay indicated 


mssible acid lsakn, since labaraton test. h v e shown that uure nter cannot cauns 
such loads. 


533 
Saw ar Rwnd 532 vith tanpar- 
Unsuccessful - At sewation, the missile r o l l 8tabilired a t a -55O attitude for about 


3219-7946 
a t u e a t -400. 
2 secr, then reshbillred to nolal position a t the #tart of the d i n phane. 
A 6-7 epn 


08cLllition of all contra1 ~ r f a c e n 
b c m e d OM-b.11 
sec .ftCr s t l r t i f tho dive h e , 


continuing until th8 depletion of ths hydraulic o i l N& 
a t 22.3 necn. 
Wsrlle contml 


was mbneuuently lost a d the n i g h t n o temina.t.d by nolal fail-rlis action a t 
I 
95.4 seca; 


534 
Synta test rourrd for d u - 
Unsuccessful - A cirmitry error in the "rissile trackedn circuit of the a i s r i l s 


1249-5220 
ation of the llIW B in the 
tracking lrdu p e a t - 
&owing out of the "missile tracked" relay, causing a re- 
I 


1 25 Jul 56 
I wde of owntion. 
c~clins of the c-ter 
abautl4-secs vhen the tail cone effect ~mduce3 att&ution 
of 
1 
. 
- 
tin b e k n return ;ignal. 
With the c-ter 
in the pre-launch cbndition, the misnile 


f o U d a U 8 t i c traJector~ being tracked but not guide3 by the HlTl until fail-.lie 
was accaulished a t a range of 55,030 yds. 


535 
Same u Round 534. 
Also, to 
W u c c e s s M - Failure of tb. w t o r t o s t a r t on t U 8 round prevented schIevement of inter-' 


1249~~5238 test a s p l i t +qpe nteel RhU 
cept. 
Bucon si6ne.I 
vU lost a t 45 secn, folloved by no- 
f a i l - d e . 
Ground guibmce 


,25 Jul 56 
b k s t deflector. 
p e r f o r a ~ c s n s satishctory throughout the flight. 


536 
Suc as Rouna 534. 
Successful - Mias distance vu 37 it. vith a position difference. 


124gB-5771 
1 Aug 56 
3 7 
San a8 Rwnd 534 a t h/alt. 
D h ~ c c e l ~ f u l - Plight vu terrtnated a t about 26 lac8 vhen the missile i d l e d 


32498-3033 
structuraUy. 
~.rrinafion of tb. l a p c t vrechge r e v d a d that a w t o r burn-through 
8 Aug 56 
n s the probable cause of hilure. 


538 
Rovide a flight dcrmstntion 
Successful - h i e n d intercept. 
Miss distance vu 109 it vith a position Ubference. 


3249-8600 
of KfKE missile a t -30°P. 
Coincident vith intercept, an unexplained 70$ loading of tbe t200 volt circuit occurred 
9 A= 
56 
and riasiie c o n t r o l n a lost. 


539 
Tnveatigata the effect of in- 
m e d late a t 4.226 secn. 
Specified arming 


l249B-7533 
ilight emi-nt 
on the 
9 Aug 56 
ou-t 
of an rirborne oscillo- 
- 


graph in an effort to derelop 
an instrupcntation p c h g e 
for use a t RCRC. 


540 
San u Rwnd 534. 
Successful - Mins distance vu 10 it vith a poeition difference. 


126JB-m 
16 AW- 
56 


541 
Same u Rwnd 534 a t h / d t . 
Pwtid-ly succe*~ful - This rwnd vu psrtirllJ 
8uecerrful in that good d ~ t a 
n8 


1249-6949 
obtained for the rraluhtion of the NIKE B water. llomer. an mumrent incorrect 
missile heullw m8ult.d in an abnomdly large mias din&ce. 
6unch.r 
orient 


resolver contalpcd 4 2 5 ail error resulting in =-set 
error in riasile m l l -t 
-. 


I U m a Ilo. 
$amt abjectirmm 
P w k s 
*te ?Ira4 
8u u Rouna 534 a t h/rLt. 
Buccemmful - At IntarC.pt 
data . h o d a nimm dimtance of 76 it. The boomt ghue 


sLasdo78 
meprntion ud pow plant oparction w e n o d . At .bout 76.0 secs a -en 
burmt 
- . ,- 
- , 
, - 


6 
~ 
~ 
5 
6 
n i ordered .nd executed. 


h 3 
538 vlth tcnpr- 
RrtiallJ mccessful - Sops performance data ux%er 1ou te=perctura 
expomure w 
ob-ed. 


249-.525b 
atum a t -3-. 
~omm, a t about 25.5 mecm t ~ a i t t e d 
pitch c 
d 
s 
nrr m longer d d u h t e d in 


!b ruS 56 
the guidance section. 
Am a renrlt an abnorallg krge mlss occurred a t intercept. 


Rwide in-ilight control 
Succemmful - Missile flight vu n o d until depletion of the hydraulic o i l supply a t 


$9B-7966 
.J.- 
b t fra 
72 mecm, about 6 mecm before expected intercept. 
The o i l depletion w coaristent 


i % 56 
riamile . a u l d d t h hi& &Iln 
vith tb. M-iliSht l e W e rsta unlymis. 
Pollovlng segaration a booster fin w 
lomt. 
. --r .- 
- - 
h,dr.ulic-bray 
ralree. 


745 
am u ~orva 538 a t -38'7. 
~ r t i a l l J 
ruccemmful - h e to ..ltunction of tbs roll -t 
gyro or the asmociatd 


~b9-7918 
c~cultry t o the roll w l i f i e r ud telmw imoktion netvork, the riamile did not 


l2 S.P 56 
rau mtablllce. 
Thum, th. rimmile emmentiW follond a brllimtic trajectary, .Itbough 


t e l e m w recardm mbw tht the r i m m i l e mtecring system respoll.e t o c o l r r d m vu norrl. 
The new air reguktor valve operated satisfactorily. 


i46 
Sam u Roucd 538 a t -287. 
Succemmful - Mss dimtance ru 72 tt. 


P49-!ZT3 
2 6 ~ 5 6 
%7 
9.u.mRoundW. 
- 
~uccemsful - Teat obJectiven n m acccmplished althou8b a pro@mmar d h m c t i o n pro- 


L2'+9B-?7@7 
m t e d a n o d intercept vlth the mlmhted tarset. The achie~ed dynamic pressures 


r 6 S m 5 6 
usre u high u expected. 
kktirfac- 
control servo opention w 
obserrsd thmugb- 
-- - - 
out tha flisht. 


$9 
am u Round 534. 
Also, t o 
Successful - Wmn distance n s 57 it. Them n r e no m l f u n c t i o ~ indicated during 
~249B-7025 
t e m t a BlXl! I s u h u d . 
W t . . All ghuem of the N g h t vem d. 
Ilre eud gar puforsnce appeared to 
6-56 
have been entirely n o d . 


550 
am u ~d 
534. 
b o , t o 
~ 
c 
c 
e 
s 
s 
~ 
- An intercept vu not achieved. 
The flight appeared to be no- 
untll 


~249~-9481 
d 
~ 
t 
e 
tb. perf-Ce 
of 3 
about l8 mecm a t vbich tm the rimmile c r u d remp0ding t o pitch C 
d 
n 
d 
continued 


3 Oet 56 
typo ~ - 4 7 3 / ~ 
btteriem. 
on an e m t i c trajectory. 
II1smile n s destroyed by n o d fail-ufe action. 
h e to an 
in.-tauon 
hilure, the N g h t teat of the B A - & ~ ~ / u 
batteries vu not ccmplete but 


cmuideM ganemlly muccesmful in that actimtion ud the firmt feu seconds of oparmtion 
vere matimiactmy. 


551 
TO pmride a n i g h t 
Succasmful - Mmsile p r f m c e w entirely oatisfactory and the specified intercept 


~ b w - 7 ~ 9 stratian a t -439. 
cditionm were at. he rims distance w 45 ft. 
- .- .. - 
ll oct 56 
552 
Su. am Round 535. Alw, test 
Succemmful - The r i m di8t4nce of the QB-17 target vu 54 ft. Ihe round provided a 


~ 4 9 - 9 9 4 6 
of wit-typo rlmimm b L I t 
*id ilight emironmnt for an air-borne o s c i l l ~ ~ n p h 
vbich w 
recovered in good 


11 act 56 
deflectam b ilinht teat of 
condition. 
Tne ncordm rra the omcillo~aph were good, ud t e l e m ~ w 
records 
k.sile-borne 
O ~ ~ F U - P ~ . 
-0 
m d e d for c-i.on 
or data. 


Su. am Rnvd 534. 
Succemsful - Kim distance w 45 it. The boost phue and meparation w r e n o d . The 
senerstion ud execution of the end g..s steering orders agpared t o have bean entirely 
-.,- 
. * - ~ 


~ l l 
-em 
of th. rcuml appeared to be n o d . Ibe n i g h t m a termbated a t 62.9 secs 


l2bQn-8601 
faaaitionm raa at. The r i m # dimtance n s 93 ft. 
- 
<- 
p 
O C t 56 


5 
To inwmtigate the effect of 
P u t i d l y succesmful in that d a t vlth regard to control system stability a t high 


12?9~-7467 
d n n e e o n M mymta cm- 
dynamic premrun rare obtalned until 2l mecs. 
At that t i m a +200 m l t short resulted 


7 Urn 56 
p e n t toluancem on control 
in excemmiva control n u h c e danections, high angle of attack, ud rissile structursl 


wymta mtability. 
failure. 
. To provide a flight d m - 
Succemsful - Mlanile p r f o m c e n 
m 
entirely satisfactory ud the specified intercept 


2 9 - 7 5 3 4 
m t r a t i ~ 
of a 12WB rimmile 
eonditionm rare at. Th. ris. distance n s 98 ft. The boost pbue ud s e W t i o n vem 


2l Nor 56 
a t -519. 
n o d . 
1 
8.u u R 
d 
560 vlth tcqrr- 
Unmccemmful - Did not achisn intercept because the sumtainer mtor did not start. DYe 


Em-6947 
.tun a t -439. 
t o an qcrstional error, th. rimmile m a firad vlth the teoperstum of the a i r regulator 


29 
56 
releue reh.nio about lFO colder thrn allonhls. 
Other thrn the a i r reguktor 4- 
function, rimmile perfnmnce w 
utimfactmyuntil the nlocity w about 400 ft p u 


meo and control w lomt. 
A token burst c- 
n s isrued a t 125.5 secs t o initiate 


fail-safe mismile destnrction vbich occurred a t 130.5 secs. 
2 
9.u u R 
d 
560 vith tcrper- 
Un~ccemeful - Flight mm terminated about 5 seem u the result of l d i l q of the 200 


%9-9231 
stun a t -419. 
volt circuite vhich caumed hard-mr control nuface deflections, excenmive angles of 
I2 DOC 56 
attack, ud rimmile mtructur8l hilure. The riamile rumt.iner mtor start occurred 
popru jumt prior t o rimmile hilure, fnlicating satimhctory functioning of the a i r 
rector Wve. 


4 
TO w 
e 
a n i g h t d e n - 
OMlccersful - h e to a r t m m i h rllunction vhich resulted in lomm of roll powition 


249-50043 
Itration o r -4 cpulotte, 
control, a Mlrrl intercept n 
m 
not .chinad. m e night agpewd 
until 52 secs 
1 
% 
LC. meduction rimrilem. 
vben roll romitlon w 
l o m t . 
Thim vu an u n i n s w n t e d riamile, ud the caune for 
- --- . 
- 
10s. of roil control unnot be detcrrtned. 


565 
8u u Rorva 564. 
Succemsful - Mismile perforance w entirely matimfactorg ud a ruccessiul intercept 


Ub9-50004 
vu .cbirrad. 
Wmm distance w 
41 ft. The bmst pbue, scgaration, ud pow pLnt 


14 wc 56 
owration were n o d . he end-game prforsance a m e d n o d . 


TO test an earth emplaced 
Successful - Although marred by missile tracking difficulties, this n s a euccesmful 


?%~n-V70 
launcnv d t h a blast &- 
rcuml. Ibe dealred launch, riamile perfomnee, ud amnd guidance system p e r f o m c s 


19 k c p % 
flector u prt of the Ue- 
bta vus obtained. 
-ept 
for occ&od return s i m drop-outs, the system 


dovn. 00, 
t o test the 09 
p r f o r m c e appeared n o r r l ud the 
response vu entirrly utisfactorJ. 


16ll4 filter urtannu. 


567 
TD proridea N g h t d.rm- 
~uccessiul - %smile perf-ce 
w 
entirely ~ t i e f a c t o y 
.pd the npecified intercept 


1219B-7970 
mtration of a 1249 rismile a t 
c d i t i o ~ 
were at. Wmm diatanm w lll ft. Ibe required data were obtained in 


16 Jan fl 
-50%. 
Abo, t o deterrine th. 
support of the mtu4J t o deterril,e the effect of amnd reflectionm on the trackin8 


effect of m-nd renehibu on 
W 
m 
. 


ttm i r m r cbaracterimticm of 
the tracking radar.. 
WmmtmP 


Hismile No. 
*st ObJectives 
R-ks 


Date F l d 
5-72 
Sspre as R o d 567 with tmper- 
Successful - The first part of the flight was ~ t i a f a c t o r y .nd n o d . At 65.5 mecs 


1249-5775 
ature a t --. 
there was a mmntary 14- of the 200 volt sem, amplifier plate supply which 
6 Feb 57 
result& in a short duration but violent pimaile naneuver. 
Ps a result, the pissile 


did not adeauately cwnter the target maneuver. 


57 
Sspre as Round 567 with temper- 
Unsuccessful - Beause of a mlssile mliunction, possibly due to acid leakage is the 


U&B-7035 
ature a t -5z0P. 
vicinity of the pmpLlrnt valve, the specified intercept conditions e r e not met. 
The 


20 Feb 57 
boost phue and seoaration were n o d . A t 74 secs, a loading of the 200 volt supply 
occurred. 
Ps a result, the control surfaces assumed a hanl-over position; the missile 


achieved a high roll rate; and a ballistic trajectory van follwed until fail-sde 
destrdction. Throughout the flight, a high w l i t u d e 1-2 cps oscillation eldsted in 
the yav system. 


59'4 
htaluate power plant perfor- 
Unsuccessful - Data for evaluation of power plant p e r f o m c e van attained. 
Missile 


50041 
mance under large steering 
prformance was named by a roll system disturbance a t 16.5 secs and flnslly hard-over 


22 k y 5-7 
acceleration during the early 
steering iin deflections, coupled with a large a i l e m deflection a t 26 secs, which 
I 
phase of notor burning. 
caused the piasile to roll violently. 
Control was lost and pissile fail-.aft 
destruction ! 


was ordered. 
595 
h 
e 
as Round 594. 
Successful. 
1 


50042 
52 nay 57 
I 
Verification of the revised 
Unsuccessful - Missile p e r f o m c e and system obJectives were not attained; the mis8ile 
1 


%&B-7956 
Arctic operating procedures 
was destroyed u a consequence of an electrical mlfunction about 25 aecs after lift-off. I 


21 Aug 57 
a t -25%. 
The sustaining motor operation was normal. 
602 
Same as Round 600 a t -17°F. 
Unsuccessful - Round did not a c h i m intercept. 
The missile perfonnauce and system 
I 


3249~-5685 
objectives vere not attained. lZle sustainer sotor started during bwat a t 2.5 secs. 


ll Sep !7 
The early motor s t a r t appeared to have been a mechanical discrerancy. 
! 


OMISSION OF CO~CPOR TEST ROUNDS - Rowds 301P t 
h 
~ 
~ 
349P were expended by the wntractor in a aeriem of tests a t VSIG using the 


f i r s t prototype model of the NIXE I Battery Epuipuent. 
TQase 49 KNnds vere fired (Jm - Hay 53) against actual and slmlnted targets 


to provide a limited e v ~ t i o n 
of equipnetit prio-ce 
and thus assura the contractor that the design intent had been satisfied, Upon 


cmpletion of these contractor evaluation tests, 15 Hay 1953, the equipent was transferred to Ordnance Corps control a t USE. 


OKISSION OF M FIRIIJGS - The follovlng M Rounds u e d t t e d trm this firing table for reasons indicated: 


Rounda 548, 557 thru 559: 563; 568 thm 571; 573; 575 thru 593: 5% thru 599; and 601: 
These system test r m d s were fired during the 


period November 19% to Septanber 1957 to evduate the I;rmE BERCULES Systen in the A X E AJAX mcde of operation. 


CRRONOLOCICAL LIST OF c 0 m C T s E X E m UNDER TRE m AJPX P R m C T 


RESEARCH b D E W X O ~ 
COWPACTS 


DELIVERY 
TOTAL 


C O w i T A ~ 
COhTTACT MMBER 
DATE EXECWED 
TYW 
ITP( 
PWIOD 
c O W P A C T A U m 


Weatern Electric Co., Inc. 
W-30-069-OW-3182 
9 
~ ( a y 45 
Cost Plus 
Deaip of the NIKE Sy. 
7 Feb 55 
$ 73,622,458.37 


Fixed Fee 


Douglaa Aircraft Co., kc. 
DA-04-495-ORD-11 
30 Jun 50 
CFFF 
Desip b D w of Optical 31 Jul 52 
495,821.26 


Sys for Enrluation of 
Miss Distance 


CleM L. w t i n 
~~-36-034-0~~-93 
24 an 51 
cm 
Self-Deatmying NIXE 
30 Apr 55 
1,290,171.00 


JATO' s 


Paymond Engineering Iab. 
~~1-49-186-502-ORD-(P)-& l2 E(ay 52 
CPFF 
Self-Destroying R M E 
30 Jun 54 
131,619.00 


JATO'S W Arming Mech 


Western Electric Co., Inc. 
DA-30-069-om-859 
30 Jun 52 
CPFF 
Xm Altitude Defense 
30 Sep 55 
5lL520.00 


Universal Moulded Rcducts Corp. 
DA-01-021-Om-3502' 
4 Aug 52 
CPFF 
Fiberglass-plastic 
31 Aug 54 
252,990.94 


NIXE JATO 


Chamberlain Corp. 
~~1-28-017-501-0RD-(~)-837 
30 Jan 53 
CPFF 
Fragmentation Warhead 
15 dug 53 
149,501.00 


Eas- 
Kcdak Co. 
DAI-30-ll5-501-@m-(P)-b5 13 E(ay 53 
CFTF 
Dev & Design of RIXE 
15 E(ay 55 
349,154.00 


Warhead fires 


Western Electric Co., Inc. 
~~-9-069-0RD-10& 
30 Jun 53 
CPFF 
Denim of an Extended 
30 Sep 55 
101,339,1¶.00 


Range Missile Systun 


Paymond Engineering Iab. 
~~1-49-186-502-0~~-(~)-243 
6 Jul 54 
CPFF 
T50 Arming Hechaniams 
30 Jun 55 
24,995.00 


Paymond Engineering Iab. 
DAI-49-186-502-0RD-(~)-2W( 6 Jul 54 
CFTT 
Arming Hechanimua 
30 Jun 55 
ll5,ooO.W 


Unirersd Houlded Rcducta Corp. 
DA-01-021-om-4823 
23 Dec 54 
CPFF 
Fiberglass JATO 
1 Hay 57 
922,219-13 


Universd Moulded Rcducta Corp. 
DA-01-021-ORD-354 
25 Sep 56 
CPFF 
Fiberglass JATO 
10 Jul 58 
61,028.67 


TEML 
$179,266,075.37 


FACILITIES CONTRACTS 


Gocdyear Aircraft Corp. 
DA-33-019-Om-545 
13 Sep 51 
Cost Reim- Fac Ufg. of JATO XM5 
Jnn 52-Dec 55 
2,49i,m.i6 


burnable 
Metal Parts & Reser- 
ration b Storage of 
Equipnent 


Western Electric Co. 
DA-30-069-ORD-652 
18 13sr 52 
CR 
Fac for Reduction of 
J m 54 
~2,501,161.~ 


lPlXE S y s h 


Western Electric Co. 
~~-30-069-0~~-187 
7 Jun 52 
Cost 
Facilities 
not Available 
8,580,000.00 


Universal Moulded Rcducts Corp. 
DA-01-021-om-4824 
23 Dec 54 
Cost 
Fac for Fiberglass JATO 
9 Oct 58 
42,700.00 


Douglas Aircraft Corp. 
DA-36-034-0~~-1790 
9 Feb 55 
Cost 
Facilities 
Rot Avd. 
14,435,569.00 


Borg Warner Corp. 
~ ~ - l l - 0 ~ - 0 ~ - 1 8 1 4 
19 Apr 55 
Cost 
Facilities for Ufg. of 
Not Aval. 
48,458.00 


JATO k Igniter Metal Phrts 


Chrysler Corp. 
DA-04-495-0RD-633 
5 W 55 
Cost 
Fac for Reduction of 
Rone 
1 
7 
9 
, 
& 
- 
' 
. 
9 
5 


Reim. 
BIKE S y s h 


Whittaker Gyro, kc. 
DA-04-495-ORD-663 
25 nov 55 
Cost 
Facilities 
Not Aval. 
8 , W . W 


Bendix Aviation Corp. 
DA-04-495-ORD-m 
19 13sr 56 
Cost 
Facilities 
Not Aval. 
130,~000.00 


Douglas Aircraft Corp. 
DA-04-495-ORD-784 
14 Jun 56 
Fixed 
Facilities 
Not Avd. 
ll9,0?5.00 


Rice 


DA-04-495-om-662 
X) Jun 56 
Cost 
Facilities 
Not Aval. 
185,189.00 


TOTAL 
$ 39,121,531.U 


Wontracts ORD-1082 k ORD-3502 include both the AJPX & HERCULES Systems; the contracts were initially AJPX. 


At the request of OCO, a large part of the effort on Contract ORD-3502 van for "developnent of a non-frangible canbination steel-fiberglass 
unit and developent of n w techniques and materials." 
(Ref: Record of telephone conversation betnen Mr. L. J. Casey, ORDTU, OCO, and 


Mr. J. B. Gall-, 
Rkt Der Iaba, RSA, on X) Apr SI-ARGE(A 
Hist File.) 


CRR0N0m1cf.L LIST OF COAPRACTS Emcmm URDW m NIKE AJAX PRonCT 


MDVSmL4L c o m m 


DATE 
DEXVEIY 


COAPRACPOR 
CORpRACT AUMBER 
EXECWED 
TYPe 
ITB4 - TOTAL QUAXTITY 
EXIOD 


weetern Electsic Co. 
DA-30-069-ORD-3182 
8 Feb 45 Colt Plus 
Rrformance of RoJect nm(E 
F i n d Pee 


Hercules R d e r Co. 
W-ll-173-ORD-37 
ll Apr 49 
CFFF 
Load- 
M5 JAM - 15,651 
Feb 53-SeP 57 


Western Electric Co. 
DA-30-069-0RD-$ 
29 Jun 50 
CPFP 
NXS Rototype Rounds - 149 
JUn 53 


Western Electric Co. 
DA-30-069-0RD-125 
19 Feb 51 
Fixed 
RME AJAX Sya h Asaocinted Haterinla 
R i c e 
60 Seta Ground Equip - 1,030 M$aailes 
Feb 52-Apr 54 


Goodyear Aircratt Corp. ~~-30-069-ORD-5a 13 Sep 51 
CPFP 
JAM XM1 h Rdeai- 
of XM1 - 4,060 
~~r 52-~ug 54 


c-p,&erm 
a r p . 
DA-28-017-om-1821 
ll Jan 52 
PP 
Varioua Metd Parta f o r Warhead 
Feb 52-May 54 


S. D. mckn b SOD co. 
~~-19-0~0-0&1394 23 an 52 
FP 
Booster - 53 
Jun 5 2 - s ~ 
52 


M. 8. Rhodes, Inc. 
DA-36-038-0HD-8530 
12 11ar 52 
FP h CR 
Armlng Hechani6m.e for NME Guided 
Apr 52-0ct 54 
Mlaailea - 1,529 


western Electric Co. 
DA-30-06941~~-691 
Apr 52 
FP 
Field m i n e e r i n g ~ex-rice 
~ u n 
58 


Heekin Can Co. 
DA-33-008-0~~-393 
8 my 52 
FP 
Container Igniter XM1 - 3,670 
Jun 52-Sep 52 


A. I. Mth Iran Co. 
DA-19-023-OPD-1923 
21 May 52 
FP 
Re-uaable Hetal JATO Shipping 
Jun 52-sep 53 


Container. - 2,aX) 


Chmberlnin Corp. 
DA-28-017-oRD-1938 
5 Juu 52 
FP 
Various Metal R v t n f o r Cord Aaaembly 
Jul 52 


Wantern Electric Co. 
DA-30-069-Om-746 
6 Juu 52 
FP 
XSAM-A-7 Miaaile h A ~ ~ o c i a t e a 
Dec 52-Jan 56 


Materidn - 5,150 


Cole kb., Inc. 
DA-30-069-ORD-&6 
6 ~ u n 
52 
FP 
S w i n g Mixture - 3,400 
Jul 53-Aug 53 


continental Cnn Co. 
DA-30-069-ORD-786 
ll Jun 52 
FP 
Fixture Gwe - 1 
NOT 52 


m o t Side Wchine 
DA-33-019-om-918 
12 Juu 52 
PP 
Gage. - Qua. not Avnl. 


Roducta Co. 


Cole kb., 
Inc, 
DA-30-069-ORD-858 
16 Am Y 
FP 
Acid 
- 3,355 
Jun 53-Sep 54 


DuBor Ebig, COQ. 
DA-33-019-ORD-919 
17 Am 52 
PP 
w e n - Qua. not A v ~ . 
May 53 


Ooolyear Aircraft Corp. DA-33-019-ORD-1003 
18 Jun % 
CPFF 
Pbme-mastic Coating of JATO MS h M% 
Sep 52-Sep 58 


Metd k t # - 22,303 


-Ed 
Hig. Co. 
DA-04-495-OW-3.58 
23 Jun 52 
PP 
Re-unable Metal Snipping Container. 
Jul 55-ROY 53 
f o r Mieailes - Qua. not Aval. 


City TanL Corp. 
DA-30-069-OW-882 
24 Jun 52 
FP 
Re-unable Hetal Shipping Container. for Oct 52-Feb 54 
Ul.ailes - 3,250 (Fin.), 
121 (Baby) h 


121 (Roae) 


R i h d w. Co. 
DA-36-034-ORD-1050 
24 Jun 52 
CPPP 
Rmne I1 Studies JATO M5 
Jun 57 


Mlssion Appliance 
DA-36-034-ORD-315 
27 Jun Y 
FP 
:aae Cartridge Spiral Wrapped l O W - 
Dee 53 


760,030 


~ i l l i n m 
Brewer 
DA-28-017-010-X)24 
14 ~ u g 
52 
FP 
Metal ~ a r t a 
f o r ~ e t o ~ t i n g 
cord h a m - 
Sep 5 2 - ~ u l 53 


Hachine ~ o . 
bly - 26 m i t a 


Chamberlsln Corp. 
DA-28-017-0RD-2125 
27 Oct 52 
FP 
Varioun Metd Part6 for Warbead 
Apr 54-Sep 54 


B. C. Amen Co. 
DA-19423-OW-2470 
30 Dcc 52 
FP 
Gagea - 1 
Dec 52-Feb 53 


Wentern Electric Co. 
DA-30-069-om-1039 
23 Jan 53 
FP 
MKE lWAX Sya & Associated Yaterial- 81 Apr 54-11ar 55 


Underuood COrp. 
DA-$-OIj8-0~~-15436 
2 ~ u n 
53 
FP 
M n g HeGmn1m.o - Wan. not A d . 
Jan 54-Feb 54 


Western Electric Co. 
DA-30-069-0~~-1065, 30 Jun 53 
Field Engineering Servlces 
Jun 59 


e n t r a c t OW-1065 covered both AJAX h HERCULES; estimated AJAX smount 856; t o t d contract amount $17,239,343.00. 
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CE3ONOLO;ICAL LIST OF COFfl'RACTS E X F m UNDER TFE AME ATAX AIOJECT 


RYnrjTRW c o m m 


DATE 
rn 


CORPRArnOR 
c 0 r m C T m E R FzmxTm 
TYX 
- TWTdL WAFTrPT 
PERIOD 
CCPmaACT AHCmT 


Weatern Electric Co. 
DA-3049-ORD-1162 30 Jun 53 


Wentern Electric Co. 
DA-j0-069-ORD-l020 
10 Sep 53 


W. E. Rbcdes, Inc. 
DA-19-059-ORD-1666 17 Iiw 53 


Wentern Electric Co. 
DA-30-069-0RD-I225 
19 Feb 54 


Sylrania Electric 
Rcductn, Inc. 


Godyear Aircraft Corp. 


Wentern Electric Co. 


Bcnnon Kg. Co. 


H. 8. Buggie, Inc. 


Okonite co. 


Herden M e r Co. 


Went mint Kfg. Co. 


cale hb., Inc. 


DA-33-019-ORD-1484 
6 Apr 54 


DA-30-069-0RD-1295 
24 Hqy 54 


DA-01-021-ORD-4759 
21 Jun 54 


m-33-oi9-ow-l5& 
22 sun 54 


~~-30-069-0~-1346 
28 JU 54 


DA-Ol-02l-aRD-~760 29 Jun 54 


~ ~ - 0 ~ - 0 u - m - 4 7 6 2 
29 m 54 


~~-01-021-0~~-4768 
n ~ u l 
54 


A U s Porv Co. 
DAI-28-017-501-0~~- 1 Sep 54 
(PI-1513 


Vndervooj Corp. 
DA-19-059-m-2051 
20 Sap 54 


Wentern Electric Co. 
DA-30-069-ORD-13-73 
29 Sep 54 


western Electric ~ o . ) ~ ~ - 3 0 - 0 6 9 - 0 ~ ~ - 1 3 f l 
29 Sep 54) 


Weatern Electric Ca.) 
DA-30-069-!JFD-138jf 
30 Sep 54) 


Gocdyuar Air& 
Corp. DA-33-019-0RD-1633 
30 Sep 54 


Rheem Kg. co. 


Rhea Kg. Co. 


wimam B r m r 
Hachine Co. 


AUur B. h w n t Iab. 


Chamberlain Corp. 


Atlantic Seabarrb 
Industrien 


Food Ihchineq b 
Cbcnlcd Co. 


Western Electric Co. 


Borg-Warner Corp. 


H. H. Buggie, Inc. 


U. 9. Rubber Co. 


Okonite Co. 


Federal Telephone b 
m i 0 canply 


DA-36-034-ORD-1728 
2 Oct 54 


w i t y ~ssurance ROJ for AME MAX Rd 
~ u n 
56 


Mincellaneoua Job Orders 
Sep 511-I(ay 59 


llrpins Uechania - 1,192 
h b 54-Hsr 54 


AME MAX Ground Epuimnt b 
Hsr 55-Feb 56 


Annociated Ihterial - 82 


Vuintorn - Gum. not A m . 
Hsr 511-I(ay 54 


JATO Hctsl Parts W/~sdter - 3,426 
Au6 54-Jul 55 


mgineering Semicen 
9ep 59 


lhvm.8 Hctsl 21.2 Gals XH2 - 3,085 
Oct 54-Jun 55 


Reel b Cable Assenbly - 82 Sets 
Hsr 55-Dec 55 


Reel b Cable Assembly - 4,365 
Jan % 


nitric Acids - 1,264,450 lbn. 
oct 511-Sap 55 


wood Cntes for JA!~u Mllctrl Ihrts- 2,760 
Jul 511-I(ay 55 


S M m Mixhue - 2,808 qts. 


Detonator Llectriq TlSEj - 21,400 


Am. Uechanimm T-93~6 - About 1,402 


KME ATAX System. - 86 


NME MAX Minnile) - 7,900 
HMB MAX Wssile) 


JAM XM5 b I p l t e r Apsy M4Al - 4,524 


&-usable Hctsl Missile Snipping 
ContaFnern - 2,750 


Re-usable Hctsl Missile Snipping 
Containers - Gum. not Avd. 


varioun ~ e h l 
h r t n for Detonating 


cord Assembly 


0.ci110scopes - 141 


Various Hchl Parto for Warhead 


Various Hchl Parts for Detonating 
Cord 


Missile Container - 4,200 


Air Force Requirement AME I Ground 
Guidance - 3 


JAlQ XHS M t s l Ihrts W/I&nlter 
- 991 


Reel and Cable Assembly - 86 Sets 


Reel and Cable Assembly - 3,698 


Varioun Reel and Cable Assebliea 


Trannforncrn - 86 


wContnctn ORD-1382 h ORD-l38T-~otsl ~uantity, b TOW 
contract ~nvnrnt are cmined. - 


N o r 54--P 
55 


sep 54-D~C 54 


Not Anilhble 
m %-at 56 


Jun 55-I(ay 58 


Hsr 56-Jun 58 


Jun 55-Aw 56 


Jan 55-ssp 55 


Apr 54-Jan 55 


Dec 54-Hsr 55 


Peb 55-Jun 55 


Apr 55-Feb 56 


Hsr 55-Hqy 55 


Sep 55-S~P 56 


Sep 55-NW 55 


Jan %-Feb 57 


peb 56-NW 56 


Feb %-Dee 56 


Jan 57 
m56 


%. I. I*IPcmt, Inc. 
M-01-021-ORD-4819 26 W 55 


m 
u 
me. ~ o . 
~-01-m-OW-- n w 55 


mil He. Co. 
~-01-OU-OW-48u 
1 Jun 55 


Weatern Electric Co. 
~ - 3 0 - 0 6 9 - m l W 17 Jun 55 


Wnneapolio-Roncpll 
M-23-W2-OE'-930 
20 Jun 55 


Reauhtnr 


Courtislrd lab.. 
~-01-021-OW-4833 22 Jim 55 


Western Electric Co. 
M-30-069-OW'-1556 9 Jun 55 


CaurtLrd kbm. Gorp. 
M-0k-495-Om82 
29 Juu 55 


G-m 
Airuatt Corp M-01-021-OW-4812 
29 J u 55 


CauruaDa lab.. 
COrp. 
M-01-021--4780 
26 Jul 55 


We8tern Uoctric Co. 
M-33-069-oRD-1534 
30 Jul 55 


E. 9. C. Carp. 
~-~-069-0RD-1602 29 & 55 


Richard D. Brew b Co. 
M-19-020-CW)-3672 
30 AU& 55 


Wsmtern Ehctric Co. 
M-9-069-oPD-l636 
2 Kbc 55 


Weatern Electric Co. 
M-30-069-0W-1799 
18 )*J 56 


Wentern Electric Co. 
M-9-069-OD1813 


Cautlnnd Iab.. 
M-01-021-ORO-49% 


OkoniU Co. 
M-9-069-Om-1803 


Wemtcrn Ucctrio Co. 
M-9-069-Om-18% 


Pionnr hbm ., 'lnc. 
M-01-021-OW- W n 


Okonit. co. 
M - O l - 0 2 l - a w - ~ 


E u t W s t d M u e t a 
M-01-a--5039 


General Qeaical Div. 
M-Ol-O~-ORD-5038 


A u r a C h a i o a Dy-4 corp. 


kj-on M e t a l ProbucU 
M-01-021-OW-5083 


Pioneer Chewicrl Co. 
M-01-021-0F&5254 


ccocrcd QaieiL Corp. ~-01-02l-OF&4941 


Pelem M b Dnm Co. 
M-9-ll5-OF&817 


Weatern Electric Co. 
M-9-069-OD2W 


nitric A 
C 
~ 
- 8g1,no 1bm. 
at 55-NW % 
$ 
68,280.p 


Acid hma - 5,227 
SP 55-0ct 56 
198.206.35 


Acid hma - 602 
Jul 554% 55 
2&79.20 


Various Spnre Fwta b Compnents for WAX 
AW 57 
- 
3r750r290.39 


variar. sparr mrta 
Apr 55-SP 55 
4,375.04 


Rocket Engine Puel - 1,305 qta. 
Jul 55-AW 55 
5,024.25 


Procurement of Mnumcrlpt Repsratian 
Jim 59 
22,205,000.00 


for ElKZ WAX 


Checkout Kita for R D 3 AJAX Wmmils - 
Sep 55 
12,284.03 
sum. not A r a l . 


Starting m u r o - Qunn. not A-1. 
Jul 55-NW 55 
47,564.60 


Igniter ktrl Psrts - 1,010 
r*c 55-Jul 56 
21,964.03 


s w i n g uirturs - w. not A d . 
Oct 55-Peb 56 
64,396.80 


AJAX Eatterie. b AImociated n t h r i a l - 58 Apr %-APT 58 
59,996,164.55 


Denim Fabrication b Draring of Tapped 
D.W line# 


Tap* 
D e 4 Lbcm for A I W 


Rcbeaie of Contdner for Klx6 WAX 


Reel b Cable bmcnbly - 3,895 


JATO U5 b h X l 1gnit.r ?QU Puts- 
31433 


kd.1 P2B Electmnic VsCur~ -be Volt 
Ibter - 79 


Services b h t e r i a l to Comcrt 3 
Uimmile Tracking F a i u Symtw 


Startine Fluid - 4,563 lbm. 


rn WAX klurl- 1,500 


Start* 
Fluib - 4,254 lbm. 


nitric cia - 955,900 1bm. 


Starting Pluid - 7,493 lbm. 


Nitric Acib - 3,759 


Refurbishing Deed Metal W - E U 


RIlOlWAxAntcM.bOroundH.t- 1 


APPENDIX 13 


READ&uARms 


U. S. ARMY ORDNANCE MISSIIIF: COMMAND 


Redstone Arsenal, Abbama 


oRDXR-F 471.9 
4 JU 1958 


SUBJECT: Explosion of Ordnance hteriel, 526 AA Missile Battalion 


TO : 
Chief of Ordnance 
Department of the Arnry 
Washington 25, D. C. 


1. The purpose of this correspondence is to provide you with a 
resume of actions taken to date by this command in connection with the 
subject incident and to recommend W t h e r action required in this matter. 


2. Resume of Action Taken: 


a. A team of technicians from this command were dispatched to 
the scene of the accident the first of which arrived at approximately 
1800 hours 2 2 k y . 


b. Conclusions of this team which were concerned primarily 


with the technical aspects were: 


(1) Cause or causes of the explosion were unknown. 


(2) Unrelated activities were being conducted within 
the area by Ordnance and the user. 


(3) An excessive number of personnel were unnecessarily 
exposed to a hazardous operation. 


(4) Quantity distance tables were not adhered to. 


(5) Subsequent to the accident the area was overrun with 
spectators, investigators and non-responsible personnel who probably 
unknowingly destroyed or obliterated valuable evidence which may have 
been useful in determining the cause of the explosion. 


c. 
Application of MWO Y2 W20 at site location was discontinued 
by TWX from this command 23 May ( ~ a b 
A). 
Application was continued at 
depot level and the installation of the M 30 Arming Mechanism was 
continued in production. 
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ORDXR-F 
4 JWZ 1958 


SUBJECT: 
Explosion of Ordnance Materiel, 526 AA Missile Battalion 


d. This command conducted a detailed test application of 
m0 Y2 W20 to determine safety and technical accuracy. Results of the 
test indicate technical and safety adequacy but recognized that gross 
safety precautions should be "spelled out" in addition to referencing 
these precautions from other D/A publications (Tab B). 


e. All Modification Work Orders involving hazardous operations 
are being reviewed and physically rechecked in our Maintenance Procedures 
Shop with the objective of insuring that safety instructions are incapable 
of &sunderstanding. 
In addition the requirement that such operations 


be under the direct supervision of a competent explosive expert will be 
added. Results of these actions will appear as changes to existing W O 1 s 
and will be forwarded progressively as completed. 


f. In response to numerous queries f'rom the field concerning 


ctiner assembly and disassembly operations of the Nike missile, a teletype 
to mjor cormnands was dispatched 3 June which provided authority to 
continue assembly and disassenibly operations provided adequate safety 
precautions were taken (Tab c). 


go TWXqs were dispatched to your office and to CG, First Army 


requesting copies of reports on the incident be provided this command in 
oraer that final action could be recommended (Tab D) . 


h. A follow up telephone call. was made to the Ordnance Officer, 
First Amy 3 June 58, who indicated that a board of officers convened by 
ARCJjCOM was in process of investigating the incident and would probably 
conclude approximately 16 June. He f'uther indicated that G-1, First 
Arqy was rendering an accident report in accordance with AR 385-40. It 
was gathered From the conversation that this report would include a 
~ i n i a m 
of technical details and that such details would appear in 


repcrt of the Board of Investigation being conducted by ARADCOM. 


3. Recommended Aztion: 


That MWO Y2 W20 continue to be suspended pending final sub- 
mission and approval of Report of Investigating Board now convened. 
Upon receipt of. this report and after comparison with the technical data 
developed by this command (Tab B) recommendation concerning future 
application of MWO Y2 W20 will be forwarded to your office with the least 
practicable delay. 


4 Inel 


1. 'r&b A 
2. Tab B 
3. Tab C 
4. Tab D 


/s/ J. B. Wdaris 


J. B. MEDARIS 
Major General, USA 
Commanding 
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UNCLASSIFIED 


PRIORITY 
X 
DA 


CG ARGMA REDSTONE ARSENAL ALABAMA 


CG FIRST US ARMY GOVERmORS ISLAND mEW YORK 4 NEW YORK 
CG SECOND US ARMY FORT GEORGE G MEADE MARYLAND 
CG TRIRD US ARMY FORT EPIWSON GEORGIA 
CG FOURTH US ARMY FORT SAM HOUSTON TEXAS 
CG FIFTH US ARMY 1660 EAST HYDE PARK BLVD CHICAGO 15 ILL 
CG SIXTH US ARMY PRESIDIO OF SAN FRANCISCO CALIFORNIA 
CG SEVENTH US ARMY AFO 46 NEW YORK NEW YORK 
CG US ARMY AIR DEFENSE COMMAND ENT AIR FORCE BASE COLO 
SPRINGS COLO 


COMMANDER IN CHIEF US ARMY EUROPE APO 403 NEW YORK NEW YORK 
COMMANDER IN CHIEF' US ARMY PACIFIC AFO 958 SAN FRANCISCO 
CALIFORNIA 


FROM ORDXR-FMN U84 NAPPE3 


Appl of D M 0 Y2-WX) will be, rpt, wiU be disc immed pending 


further instr from this agency. 


CLEAR COPY: 


Application of Department of the Arqy Modification Work Order 


Y2-W20 will be, repeat, will be discontinued immediately pending 
further instructions from this agency. 


ORDXR-FMN 


23 
MAY 1958 


Mr. ~aile/nc 
/s/ FRANK E. NAPPER 


Lt Col, Ord Corps 


5481 
1 
1 
Chief, FU svc ~ i v 


UNCLASSIFIED 


TAB A 
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SUBJECT: Evaluation of M O Y2-W20 


ABSTRACT 


A trial application of MWO Y2-W20 was performed on a Nike-Ajax 


missile, serial number 4384, to determine if the safety requirements 


governing the application of this M O are adequate. 


Test results indicate the safety precautions required in M O Y2-W20 


are adequte; however, this modification should be changed as recammended 


to mke these precmtions more understandable. 


APPENDIX 13 (Cont) 


INTRODUCTION 


This report presents an evaluation of W O Y2-W20 as determined by the 


application of this change to a Nike-Mar Mlssile. 


OBJECTIVES 


The objectives of this test are: 


a. 
To determine if the safety requirements gwerning the application 


of W O Y2-W20 are adequate. 


b. 
To determine if, technically, the modification procedures are 


accurate. 


c. To make any recamendations which, as indicated by the application 


of this laodification, would Imprave the safety or technical aspects of 


this IMO. 


DESCRIPfION OF mo 


This work order provides Instructions for Installing new brackets 


and plate asse&lies 
for mounting the a0 or M30A.1 safety and arming 


device. The MWO kit consists of two brackets (8529276) and two plate 


assemblies (7542840), with the necessary attaching herdware, for the M30 


or m O A l safety and arming device, as well as two nameplates for the 


missile. 
- I 


DESCRIPfION OF TEST 


An unmodified Nike-Ajax Mlssile, serial rimer 4384, was disassembled 


to the extent requlred in W O Y2-W20. This procedure states "Remove two 


safety and arming devices M2'7(T93), 
center warhead M3, and all explosive 


harness leads as outlined in TM 9-5001-19, Chapter 3, Section 111". 
The 


above disassembly procedure allows the propellant system to remain filled 


and the pneumatic system to remain pressurized. However, as quantity 
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distance regulations would neither allow the missile to be pressurized 


nor fueled, the center warhead cover was removed and the nose warhead 


geetion removed (required to remove lead 2 of the explosive harness 


assembly), 


The modification was performed by experienced shop personnel (two 


men) csing the MWO bulletin and 'IN 9-5001-19 
as the only references. 


This modification consists of, in brief, removing two safety and 


azrmfng mechanism brackets used to suppart the 
safety and arming device 


and plugging the holes used to mount these brackets with the screws, nuts, 


and washers removed from the brackets. Three of the 16 rivets which are 


used to attach the viewing windm supports (one on each side of missile) 


are drilled out t o aceom~ate 
the S_YP~VS, nuts and washers used +;o 


asstn3le the mcunt.ing bracket suppctfSs for ths mP130 and BOA1 safety and 


a r d n g cisvie%. Two clips used to support the ~4 explosive harness assembly 


which are not compatible with the Id15 hamess assembly used with the m0 


or M 3 A l Stsices are rem3vsd by &rill.bg tvo rivets from the clip on the 


left side and one rivet from the $lip an +he right sideo Attaching the new 


brackets, with plate assemblies, in the holes drilled in the viewing window 


supports by four s;rewosj nuts, and washera for eazh of the two safety and 


arming device bra&etsj and replacing t;Wo sxew-attached nameplates 


completes the Bloilifieation. 


RESUL!J!S OF TESTS 


Inventory and Inspection 


Inventory of the modification work order kit revealed 811 items 


listed in the W0 bulletin were present and properly packaged. Emever, 


attachirig hardware is, in same instances, identified in the bulletin by 
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Ordnance part numbers and in the applicable hardware package by AN numbers, 
i 
which can cause confusion unless cross-reference information is available. 


Application Procedure. 


The drill (no. 30) specified for use in drilling out the two clips 


used to retain the M24 explosive harness assembly is not large enough to 


facilitate assembly of the screws (AN 509-8~6) 
provided to plug these 


holes . 


The MWO bulletin specifies that the two platesassemblies 7542840 are 


to be attached to the brackets 8529276 and the brackets installed in the 


holes drilled in the viewing window supports. This procedure would not 


work since, when these two components were attached, the electrical con- 


tacts on plate assemblies 7542840 would not clear the warhead mounting 


support. It was therefore necessary to either very loosely attach the 


plate assdlies to the brackets and install the brackets in this condition, 


after which the plates could be tightened, or to install the brackets in 


the missile and then attach the plates. Both procedures worked equally well, 


SAFETY PRECAUTIONS 


The safety precautions listed in MI0 Y2-WX) are adequate for perform- 


ing the operation. However, the instructions are poorly worded and rather 


than specifying the exact safety precautions required for this modification, 


the MWO references two technical manuals, !TM 9-1903 and TM 9-5001-19, the 


latter one being classified Confidential. Normal security regulations 


placed on the handling of classified material lbits the use of such 


documents in field operations. 


The intent of MWO Y2-WX) is to allow the modification to be performed 


on missiles with all explosives removed except the aft ( ~ 4 ) 
warhead. These 
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minimum safety requirements are specified in the work order as follows: 


"Warning: This modification may be applied to armed, pressurized, 


and fueled missiles that are on the launcher and above ground, in 


aceordanee with quantity distance requirements of TM 9-193, or in the 


barricaded fueling-defueling area. 


Note: Use procedures outlined in b through q below to modify 


unarmed missileso 


a. Ranme two safety and a-ng 
devi ees M27(~93) , center warhead 


M3, and all explosive harness leads as aut.lined in TM 9-5001-19, chapter 


5 , section 111," 


TM 9-193 rxpires a sspa--ation of 190 feet between each missile 


tefne m.&Ffi?d, 
%am3 an 910 pourids of 2 h e s 10 explosi~e, a d o'kher 


lwa5ftna wh~r-e dssilea are 3sirig sasezblcd, fixled and/or explosive 


emp~11enf3 
are ?xifig installedo Mi-?ftisffilLy, this regulation requires 


a aepssstion of 1,020 feet from +,be clperstion to the nearest inhabited 


building, ~ L C ) 
feet %o the nesrrs% p ~ b l l c ratlway and 310 feet to the 


cbserveri in Asmunition haadling: (1) That of lhiting the number of 


personnel expoered $0 as small a ntdbtr and the hazardous material handled 


to as 
a quantity as is prastieable and (2) Amnunition will be 


handled under the direct supervision sf a competent person who understands 


thoroughly the hazard8 and rieks involved. 


It is rancluded that: 


': 


a, The technical instmctfsne contained in MWO Y2-W20 are adequate. 
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b, Tools specified are, in some cases, inadequate and, in one case, 


an assembly procedure requires revision, 


c, Safety requirements are adequate; however, referencing other 


publications for specific instructions tends to minlsize the importance 


of following the required precautions and introduces possible errors in 


interpretation. 


RECOMMENDATIONS 


It is recommended that: 


a. Application of MWO Y2-W20 in the field be suspended until the 


bulletin can be rewritten. 


b. The specific size tools and assembly procedure required to per- 


form this change be incorporated in the MWO. 


c. That specific safety requirements, including the separation 


required between operations, inhabited buildings, highways, and railways, 


as well as personnel and explosive limits be listed in the MWO, Reference 


may be made to applicable technical manuals for detailed instructions. 


do A test application be performed on all EaJOs before being released 


for publication. 
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providing proper safety prceautions as outlined below are 


1. Limit personnel exposed to as small a number and hazardous 


material to as small a quantity as is practicable. 


2. Qperations involving ammunition must be conducted under the 


Srect snpewision of a competent person who understands thoroughly the 


hazards and risks involved. 


3. Required quantity distance regulations must be observed during 


all operations. 


Specific safety regulations governing the handling of explosive 


eonrponents are listed in TM 9-1903 and TM 9-1970-2. 
031336~ 
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1958 
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